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PREFACE 


This  report  responds  to  a  congressional  request  to  examine  the 
implications  of  alternative  strategies  for  performing  the  final  assem¬ 
bly  and  checkout  of  the  Joint  Strike  Fighter.  The  task  includes  identi¬ 
fying  reasonable  alternative  facilities  and  determining  the  cost  of 
doing  all  or  part  of  the  work  at  these  locations.  Currently,  the  pri¬ 
mary  contractor,  Lockheed  Martin,  plans  to  perform  these  opera¬ 
tions  at  its  plant  in  Fort  Worth,  Texas.  This  research  was  sponsored 
by  the  Office  of  the  Under  Secretary  of  Defense  for  Acquisition,  Tech¬ 
nology,  and  Logistics  and  the  Joint  Strike  Fighter  Program  Office.  It 
should  be  of  interest  to  those  involved  with  the  procurement  of  mili¬ 
tary  weapon  systems,  particularly  those  involved  with  or  interested 
in  fighter  aircraft. 

The  work  was  conducted  for  the  Office  of  the  Secretary  of  Defense 
within  the  Acquisition  and  Technology  Policy  Center  of  RAND's 
National  Defense  Research  Institute,  a  federally  funded  research  and 
development  center  sponsored  by  the  Office  of  the  Secretary  of 
Defense,  the  Joint  Staff,  the  unified  commands,  and  the  defense 
agencies. 
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SUMMARY 


BACKGROUND  AND  OBJECTIVE 

In  October  2001,  the  Department  of  Defense  (DoD)  awarded  a  con¬ 
tract  for  System  Development  and  Demonstration  (SDD)  of  the  Joint 
Strike  Fighter  (JSF)  to  the  Lockheed  Martin  Aeronautics  Company. 
The  JSF  program,  which  is  expected  to  run  for  more  than  two 
decades  and  cost  $300  billion,^  will  deliver  3,002  fighter/ attack  air¬ 
craft  to  the  U.S.  Air  Force,  Navy,  and  Marine  Corps,  as  well  as  to  the 
UK  Ministry  of  Defence.  The  JSF  will  replace  U.S.  Air  Force  F-16s  and 
A- 10s  and  complement  the  F-22;  complement  carrier-based  U.S. 
Navy  F/A-18E/Fs;  replace  U.S.  Marine  Corps  AV-8Bs  and  F/A- 
18C/Ds;  and  replace  UK  Harrier  aircraft. 

The  primary  reason  for  developing  a  single  aircraft  with  three  vari¬ 
ants  to  fulfill  the  missions  of  the  different  services  was  to  minimize 
cost.  The  result  of  having  a  single  program  will  be  considerable 
commonality  among  the  three  variants  (conventional  takeoff  and 
landing  [CTOL],  carrier  variant  [CV],  and  short  takeoff/ vertical  land¬ 
ing  [STOVL]).  This  commonality  will  reduce  both  initial  procure¬ 
ment  and  ongoing  life-cycle  costs,  relative  to  having  three  unrelated 
aircraft. 

Many  companies  spread  across  the  United  States  and  the  world  will 
be  building  the  various  components  and  subassemblies  of  the  JSF. 
Lockheed  Martin  plans  to  assemble  the  major  components  of  the  JSF 


^Then-year  dollars. 
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and  test  the  aircraft  at  its  Fort  Worth,  Texas,  plant,  in  a  process  called 
final  assembly  and  checkout,  or  FACO.  The  U.S.  Congress  has 
directed  DoD  to  examine  alternatives  to  the  single-site  FACO  plan. 
This  examination  is  to  include  a  determination  of  potential  locations 
for  FACO  and  an  analysis  of  the  implications  of  carrying  out  the  pro¬ 
cess  at  multiple  locations.  DoD  asked  RAND’s  National  Defense 
Research  Institute  to  carry  out  the  study.  This  report  describes  the 
methodology  and  results  of  that  study. 

WHAT  WE  FOUND 

Although  the  legislation  was  quite  clear  about  examining  the  impli¬ 
cations  of  spreading  the  FACO  work  across  multiple  sites,  it  did  not 
specify  precisely  how  that  should  be  done.  Multiple  options  exist. 
All  aircraft  variants  could  be  assembled  at  one  site  or  another,  differ¬ 
ent  variants  could  be  assembled  at  each  site,  or  there  could  be  some 
combination.  Four  sites  were  analyzed  in  this  study,  including  the 
Lockheed  Martin  plants  at  Fort  Worth;  Marietta,  Ga.;  and  Palmdale, 
Calif.,  and  a  Northrop  Grumman  plant,  also  at  Palmdale.  We  consid¬ 
ered  the  nine  options  shown  in  Table  S.l,  comparing  the  cost  of  each 
against  the  baseline  of  having  Fort  Worth  conduct  FACO  for  all  JSF 
aircraft.  These  options  do  not  represent  all  possible  approaches,  of 

Table  S.l 

FACO  Strategies  Considered 

Alternative _ Description _ 

1  100%  of  FACO  at  Lockheed  Martin-Fort  Worth  (Baseline) 

2  100%  of  FACO  at  Lockheed  Martin-Palmdale 

3  100%  of  FACO  at  Lockheed  Martin-Marietta 

4  100%  of  FACO  at  Northrop  Grumman-Palmdale 

5  50%  of  FACO  at  Lockheed  Martin-Fort  Worth,  and  50%  at 

Lockheed  Martin-Palmdale 

6  50%  of  FACO  at  Lockheed  Martin-Fort  Worth,  and  50%  at 

Northrop  Grumman-Palmdale 

7  50%  FACO  at  Lockheed  Martin-Fort  Worth,  and  50%  at 

Lockheed  Martin-Marietta 

8  AH  CTOL  at  Lockheed  Martin-Fort  Worth,  and  all  CV  and 

STOVL  at  Lockheed  Martin-Marietta 

9  One-third  of  all  production  at  each  of  the  Lockheed 

Martin  sites 
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course,  but  represent  a  reasonable  sample  of  the  potential  alterna¬ 
tives. 

In  our  analysis  of  the  alternatives,  we  found  no  efficiency,  effective¬ 
ness,  or  cost  reasons  to  split  FACO  operations  between  two  sites  or 
across  multiple  sites. 

Moving  some  or  all  JSF  FACO  from  Fort  Worth  to  another  location 
would  result  in  additional  costs  to  DoD.  Table  S.2  compares  the 
costs  of  the  alternatives  listed  in  Table  S.l.  The  numbers  in  Table  S.2 
represent  the  differences  in  cost  from  the  baseline  case  of  doing  all 
the  work  in  Fort  Worth  (in  2002  dollars).  Because  sites  have  more 
than  one  defense  program  and  because  the  effects  among  programs 
interact,  we  show  two  sets  of  comparative  costs.  One  includes  only 
the  effects  on  JSF  FACO;  the  other  includes  the  effects  on  all  DoD 
programs  at  all  affected  sites.  The  second  column  represents  the 
costs  to  DoD  as  a  whole  and  better  portrays  the  overall  budget  impli¬ 
cations  of  various  FACO  strategies. 

All  the  alternatives  that  divide  the  work  across  one  or  more  addi¬ 
tional  sites  increase  costs,  due  to  loss  of  learning  and  duplicate 
facilities  and  tooling.  Furthermore,  moving  FACO  activity  from  Fort 


Table  S.2 

FACO  Option  Cost  Comparisons 
(millions  Fy02$) 


Alternative 

JSF  FACO  Costs 

DoD  Costs® 

1 

0.0 

0.0 

2 

4.0 

256.9 

3 

132.1 

74.1 

4 

199.0 

656.7 

5 

310.3 

221.5 

6 

328.4 

386.4 

7 

331.8 

117.1 

8 

419.1 

134.7 

9 

501.7 

277.6 

^Includes  cost  effects  from  JSF  FACO. 

NOTE:  For  description  of  alternatives,  see  Table  S.l  on  the  previ¬ 
ous  page. 
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Worth  changes  the  overall  DoD  costs  because  of  the  effect  on  indi¬ 
rect  costs  for  other  DoD  work.  The  costs  of  the  rest  of  the  JSF  work 
under  way  at  that  plant,  as  well  as  of  the  other  programs  there,  will 
increase  because  these  programs  will  have  to  bear  a  greater  fraction 
of  the  Fort  Worth  overhead  costs.  This  indirect  cost  increase  is  not 
offset  by  a  corresponding  decrease  for  programs  at  the  alternative 
FACO  sites. 

Cost  differences  from  the  baseline  strategy  are  actually  a  combina¬ 
tion  of  many  potential  factors,  such  as  effects  on  overhead  rates, 
inefficiencies  in  splitting  production  from  loss  of  learning,  additional 
investments  that  the  baseline  site  may  not  require  (because  of  SDD 
facilities  and  tooling  being  in  place  at  Fort  Worth),  differing  manu¬ 
facturing  costs  (e.g.,  rates  for  labor,  power,  management,  taxes), 
stricter  environmental  regulations,  and  additional  management  and 
oversight  effort  required  to  manage  an  additional  manufacturing 
location  that  is  not  required  for  the  baseline  facility.  It  should  also  be 
noted  that  even  the  most  expensive  alternative  adds  less  than  10  per¬ 
cent  to  the  cost  of  FACO,  which  is  only  two  percent  of  the  total  JSF 
unit  recurring  flyaway  cost. 

We  assessed  some  reasons  for  splitting  FACO  that  might  reflect 
benefits  not  included  in  our  cost  analysis  and  discuss  them  below. 
These  included  inducing  competition  among  alternate  sites,  avoid¬ 
ing  capacity  constraints,  maintaining  the  military  aircraft  industrial 
base,  maintaining  excess  capacity  for  surge  or  as  insurance  against 
natural  or  man-made  disasters,  and  extending  the  local  economic 
benefits  associated  with  FACO  to  more  than  one  region.  We  did  not 
find  any  of  these  to  be  compelling  enough  to  split  JSF  FACO. 

At  the  contract  award,  DoD  reaffirmed  that  the  JSF  will  be  a  "winner 
take  all”  program.  Thus,  it  has  already  decided  not  to  induce  com¬ 
petition  among  different  potential  manufacturers  in  the  production 
phase. 

Another  reason  for  splitting  FACO  might  be  that  a  single  site  lacks  the 
capacity  to  produce  on  the  desired  schedule.  Lockheed  Martin’s 
analysis  indicates  that  Fort  Worth  can  deliver  the  required  number  of 
aircraft  on  schedule  and,  therefore,  there  appears  to  be  no  capacity 
argument  for  opening  another  FACO  site. 
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Some  might  argue  that  establishing  another  FACO  site  would  help 
maintain  a  more  robust  industrial  base.  However,  our  analysis  indi¬ 
cates  that  design  and  overall  aircraft  program  management  are  the 
most  complex  tasks  in  military  aircraft  acquisition  and  the  ones  for 
which  maintaining  a  robust  industrial  base  is  likely  most  critical. 
These  tasks  are  not  under  study  here.  Maintaining  the  capability  to 
do  the  tasks  involved  in  final  assembly  and  checkout  is  less  at  risk 
because  it  is  maintained  by  other  manned  and  unmanned  aircraft  in 
production  and,  to  a  certain  extent,  by  normal  maintenance  activi¬ 
ties.  Thus,  multiple  FACO  sites  do  not  appear  to  be  critical  to  the 
industrial  base. 

The  arguments  for  having  multiple  sites  that  focus  on  the  mainte¬ 
nance  of  extra  capacity  as  a  buffer  against  possible  future  production 
surges — or  in  case  of  natural  or  man-made  disasters  at  one  or 
another  location — also  do  not  provide  compelling  arguments  in 
favor  of  splitting  FACO. 

Arguably,  a  case  could  be  made  to  extend  FACO  operations  to  more 
than  one  site  so  that  a  broader  segment  of  the  population  would  reap 
the  economic  benefits  of  the  project.  Although  FACO  operations 
represent  a  relatively  small  portion  of  the  overall  contract  award, 
even  a  modest  segment  of  a  $300  billion  program  could  amount  to 
significant  economic  activity  over  the  life  of  the  contract.  We  offer 
three  observations  in  this  regard.  First,  the  locales  where  FACO 
operations  are  feasible  are  not  economically  depressed.  The  unem¬ 
ployment  rate  at  each  is  either  less  than  the  national  average  or 
about  the  same.  Second,  the  number  of  new  jobs  created  by  FACO 
operations  is  not  very  large  in  terms  of  a  regional  workforce.  FACO 
involves  about  1,200  workers  and,  thus,  the  net  gain  in  total 
employment  in  any  given  area  would  be  relatively  modest.  Third,  the 
rationale  underpinning  the  JSF  contract — a  single  development  and 
production  program  producing  three  variants  with  many  common 
characteristics — ^was  to  allow  DoD  to  procure  the  aircraft  at  the  low¬ 
est  possible  cost.  Splitting  FACO  may  provide  economic  benefit  to 
some  limited  locality,  but  the  costs  must  be  borne  by  all  taxpayers. 
Splitting  FACO  operations  seems  to  be  at  odds  with  this  rationale,  as 
well  as  with  the  spirit  of  acquisition  reform,  which  calls  for  a 
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reduction  in  the  amount  of  unnecessary  government  oversight  and 
control  of  the  specifics  of  military  procurements. 
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_ Chapter  One 

INTRODUCTION 


This  report  assesses  the  cost  and  policy  implications  of  conducting 
Joint  Strike  Fighter  QSF)  final  assembly  and  checkout  (FACO)  at  dif¬ 
ferent  potential  locations  and  with  different  work  splits,  rather  than 
doing  all  the  work  at  a  single  location — ^which  is  Lockheed  Martin’s 
current  plan.  The  study  was  mandated  by  the  U.S.  Congress  in  the 
FY  2001  Appropriations  Bill.^ 

HISTORY  OF  THE  JOINT  STRIKE  FIGHTER 

The  JSF  emerged  from  technology  and  aircraft  development  efforts 
in  the  early  1990s  as  a  joint  aircraft  designed  to  meet  the  long-term 
air-to-surface  needs  of  the  three  services  that  operate  strike  aircraft. 
It  originated  from  several  advanced  aircraft  programs,  including  the 
Navy’s  Advanced  Attack/ Fighter  (A/F-X)  meant  to  replace  the  can¬ 
celed  A-12  and  a  Defense  Advanced  Research  Projects  Agency 
(DARPA)  project  examining  an  advanced  short  takeoff  and  vertical 
landing  capability.  The  JSF  was  designed  to 

•  Replace  U.S.  Air  Force  F-16s  and  A-lOs,  and  complement  the 
F-22 

•  Augment  carrier-based  U.S.  Navy  F/A-18E/Fs 

•  Replace  U.S.  Marine  Corps  AV-8Bs  and  F/A-18  C/Ds 

•  Replace  UK  Harrier  aircraft. 


^Floyd  D,  Spence  National  Defense  Authorization  Act  for  Fiscal  Year  2001;  exact  lan¬ 
guage  can  be  found  in  Appendix  A, 
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JSF  Competition 

The  U.S.  Department  of  Defense  (DoD)  Bottom-Up  Review  of  1993 
made  certain  recommendations  for  aviation,  including  "continue  the 
ongoing  F-22  and  F/A-18E/F  programs,  cancel  the  Multirole  Fighter 
and  the  A/F-X  programs,  curtail  F-16  and  F/A-18C/D  procurement 
and  initiate  the  JAST  Program.”^  JAST,  or  Joint  Advanced  Strike 
Technology,  was  the  name  of  the  JSF’s  predecessor.)  This  was  done 
to  create  building  blocks  for  affordable  development  of  the  next- 
generation  strike  fighter.  Within  the  next  year,  more  work  was 
consolidated  into  the  effort;  “the  JAST  program  had  absorbed  the 
DARPA  Common  Affordable  Lightweight  Fighter  (CALF)  program."  * 

In  December  1994,  four  companies— Boeing,  Lockheed  Martin, 
McDonnell  Douglas,  and  Northrop  Grumman — ^were  awarded  15- 
month  Concept  Definition  and  Design  Research  contracts.  Northrop 
Grumman  and  McDonnell  Douglas/British  Aerospace  then  agreed  to 
work  together.  After  various  program  reviews,  Boeing  and  Lockheed 
Martin  won  Concept  Demonstration  Phase  (CDP)  prime  contracts  in 
November  1996.  Boeing  then  merged  with  McDonnell  Douglas, 
wMe  Lockheed  Martin  began  working  with  Northrop  Grumman  and 
British  Aerospace  (later,  BAE  Systems).  By  this  time,  the  program 
had  been  renamed  the  JSF. 

After  five  years  of  the  CDP,  on  October  26,  2001,  DoD  awarded  the 
System  Development  and  Demonstration  (SDD)  contract  of  almost 
$19  bUlion  to  Lockheed  Martin,  as  the  final  step  in  the  winner-take- 
all  competition.^ 

According  to  current  plans,  low-rate  initial  production  (LRIP)  is 
scheduled  to  begin  in  2006.  Full-rate  production  (FRP)  of 206  aircraft 
per  year  will  begin  in  2012.  The  last  U.S.  aircraft  will  be  ordered  in 
2026. 

When  completed,  the  JSF  program  will  be  one  of  the  largest  aircraft 
acquisition  programs  in  U.S.  history,  worth  some  $300  billion  (then- 
year  dollars)  over  the  next  quarter-century.  A  total  of  3,002  aircraft  in 


^http:/ /www.jsf.mil. 

^http:  /  /  www.jsf.mil. 

^A  description  of  the  announcement  can  be  found  at  http://www.defenselink.mil/ 
news/0ct2001/bl0262001_bt543-01.html  Cast  accessed  May  30. 2002). 
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three  configurations — a  conventional  takeoff  and  landing  (CTOL) 
variant,  a  short  takeoff /vertical  landing  (STOVL)  variant,  and  a  car¬ 
rier  variant  (CV)— will  be  produced  for  DoD  and  for  the  UK  Ministry 
of  Defence  (MOD).  Figure  1.1  portrays  the  three  variants  of  Lock¬ 
heed  Martin’s  proposal  aircraft.^ 

Current  acquisition  plans  call  for  the  U.S.  Air  Force  to  buy  1,763 
CTOL  aircraft.  The  U.S.  Navy  will  buy  480  of  the  CV  aircraft,  and  the 
U.S.  Marine  Corps  will  purchase  609  STOVL  aircraft.  The  MOD  will 
procure  150  aircraft,  most  likely  of  the  STOVL  variety.  It  is  estimated 
that  other  foreign  customers  could  purchase  an  additional  3,000  air¬ 
craft.  Indeed,  a  number  of  countries  have  already  committed  to  par¬ 
ticipating  in  the  program. 

From  the  outset,  affordability  has  been  an  important  goal  of  the  JSF 
program.  In  1994,  DoD  established  target  prices  for  each  variant. 
Table  1  presents  these  targets  along  with  their  value  in  FY  2002  dol¬ 
lars,  which  is  the  baseline  used  in  this  report. 


Welifiit  Empty  (lb)  28,064 
Internal  Fuel  (lb)  18,307 


Weight  Empty  (lb)  29,695 
Internal  Fuel  (lb)  13,400 


Weight  Empty  (lb)  29,996 
Internal  Fuel  (lb)  19,145 


Common  Shapes,  Legacy  Size,  Increased  Capability 


SOURCE:  Lockheed  Martin  Aeronautics  Company. 


Figure  1.1 — Lockheed  Martin  JSF  Design 


^The  design  shown  represents  the  proposal  version  of  the  JSF  and  does  not  necessarily 
reflect  the  final  aircraft  configuration. 
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Table  1.1 

JSF  Aircraft  Costs  by  Variant  (millions  $) 


Variant 

Original  Program  Goals 

FY1994 

FY2002 

CTOL 

28.0 

31.6 

STOVL 

30.0-35.0 

33.8-39.5 

CV 

31.0-38.0 

35.0-42.8 

ORIGINS  OF  THIS  STUDY 

Lockheed  Martin's  current  plan  for  the  JSF  is  to  perform  all  FACO 
work  at  its  Fort  Worth,  Texas,  plant.  Congress  has  directed  DoD  to 
examine  alternatives,  including  determining  the  different  potential 
locations  for  JSF  FACO  and  the  implications  of  conducting  JSF  FACO 
at  multiple  locations,  and  to  report  on  this  within  180  days  of  con¬ 
tract  award.  The  provisions  of  the  FY  2001  Defense  Authorization  Act 
(see  Appendix  A),  which  mandated  the  study,  stipulated  that  it 
accomplish  the  following: 

•  Examine  JSF  FACO  at  one,  two,  and  multiple  locations. 

•  Identify  the  potential  locations  for  FACO. 

•  Estimate  the  costs  of  assembly  and  checkout  at  each  location 
based  on  a  reasonable  annual  procurement  estimate. 

•  Compare  costs  across  locations. 

In  earring  out  these  comparisons,  the  legislation  directed  the  study 
to  consider  the  following  elements: 

•  State  tax  credits. 

•  State  and  local  incentives. 

•  Skilled  resident  workforce. 

•  Supplier  and  technical  support  bases. 

•  Available  stealth  production  facOities. 

•  Environmental  standards. 
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RAND  identified  a  number  of  other  elements  that  differ  among  sites 
and  included  them  in  the  cost  analysis  as  well.  These  include  indi¬ 
rect  costs,  taxes,  transportation,  and  energy. 

FINAL  ASSEMBLY  AND  CHECKOUT  OF  THE  JOINT 
STRIKE  FIGHTER 

As  the  name  of  the  process  implies,  final  assembly  and  checkout 
involves  workers  assembling  major  components  and  “checking  out” 
the  aircraft  system  performance.  The  process,  which  Lockheed 
Martin  also  calls  “mate  through  delivery,”  includes  four  major 
activities:  structural  mate,  tail  installation  and  systems  mate,  final 
assembly,  and  systems  checkout  and  tests.  Figure  1.2  shows  the 
assembly  process. 

Structural  mate  joins  the  four  primary  aircraft  components  (the  three 
portions  of  the  fuselage  to  the  wing)  and  includes  the  installation  of 
the  main  landing  gear.  First,  the  wing  is  attached  to  the  center  fuse¬ 
lage,  then  the  aft  fuselage  to  the  center  fuselage,  and  finally  the  for¬ 
ward  fuselage  to  the  center  fuselage.  These  aircraft  components 
already  contain  most  of  the  electronics  and  hydraulic  subsystems. 
Edges  may  or  may  not  be  installed  on  the  wing  before  final  assembly. 
During  tail  installation/subsystems  mate,  the  remaining  aircraft 
systems  are  installed,  and  the  vertical  tails  and  horizontal  stabilizers 
and  the  main  landing  gear  access  doors  are  also  installed.  The  elec¬ 
trical,  hydraulic,  fuel,  etc.,  systems  are  connected  across  the  mate 
joints.  Necessary  checks  are  made  to  ensure  proper  function  and 
connections.  Other  miscellaneous  systems  and  structural  parts  are 
also  installed. 

Final  assembly  and  final  systems  test  involves  installation  and  test  of 
the  cockpit  seat,  canopy,  propulsion  system,  engine  bay  doors, 
weapons  bay  doors,  radome,  high-dollar  components,®  and  gun 
(CTOL  variant  only).  All  systems  are  to  be  checked  out  using  either 
built-in-test  or  special  test  equipment.  Final  assembly  and  testing  is 
complete  at  this  point. 


^Lockheed  Martin  plans  to  install  certain  expensive  components,  such  as  the  lift  fan, 
engine,  and  radar,  during  final  assembly  operations  to  save  a  few  weeks  of  inventory 
costs  on  those  items. 


Wing  control  surfaces 
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SOURCE:  Lockheed  Martin  Aeronautics  Company. 
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Final  finish  and  verification  work  during  FACO  is  not  extensive 
because  most  of  the  paint  and  special  coatings  are  applied  at  the 
module  level.  Remaining  areas  of  the  aircraft  will  be  robotically 
coated.  To  verify  the  low-observable  characteristics  of  the  aircraft,  it 
will  be  mounted  on  a  turntable  and  its  signature  will  be  tested.  In  the 
fuel  racks  barn,  the  aircraft  is  fueled  for  the  first  time,  any  leaks  are 
identified  and  repaired,  and  the  fuel  system  is  calibrated. 

Finally,  field  operations  include  testing  of  certain  components  and 
performing  a  number  of  operations: 

•  fuel/wet  system  test  indicators. 

•  engine  feed  checkout. 

•  fuselage  transfer  tank. 

•  fuel/wet  systems  test  transfer. 

•  fuel  level  sense. 

•  remote  input/outputs — ^fuel,  hydraulics. 

•  fuel /ground  refuel  receptacle. 

•  fuel/  aerial  refuel  receptacle  fuel  function. 

•  OBIGGS  (on-board  inert  gas-generating  system) . 

•  escape  system  checkout. 

•  survival  kit /  seawars  system  checkout. 

•  green  engine  run  (auxiliary  power  unit,  environmental  control 
systems,  engine). 

•  engine  starter/general  checkout. 

•  bleed  air/ emergency  power  mode,  integrated  power  package 
checkout. 

•  Environmental  Control  System  ground  test. 

•  cabin  pressure  checkout. 

•  on-board  oxygen-generating  system  checkout. 

•  green  engine  run  (preflight  and  mechanical) . 
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•  CSFDR  (crash  survivable  functional  data  recorder)  download/ 
clear. 

•  prognostic  health  management  checkout. 

•  flight  readiness  checkout. 

•  company  FCF^  number  1 . 

•  company  FCF  number  2. 

•  DD-250.8 

The  JSF  will  be  the  first  fighter  program  that  attempts  to  satisfy  the 
needs  of  three  different  services  using  three  highly  common  variants 
of  a  single  design.  The  DoD  program  goal  has  been  that  each  variant 
would  have  high  commonality  with  the  other  two  variants,  on  the 
order  of  70-90  percent.  This  commonality  is  depicted  in  Figure  1.1. 
In  theory,  such  commonality  should  make  the  JSF  more  affordable 
during  production  and  throughout  the  service  life  of  the  aircraft. 
Because  FACO  activities  for  each  variant  of  the  JSF  are  highly  com¬ 
mon,  it  is  reasonable  to  build  the  multiple  variants  on  a  single  pro¬ 
duction  line.  Lockheed  Martin  has  indicated  that  this  would  be  its 
plan  unless  directed  to  do  otherwise. 

The  total  direct  labor  hours  required  for  these  tasks  are  divided  into 
the  categories  of  fuselage  structural  mate,  subsystems  mate,  final 
assembly/test,  flight  operations,  manloads /ITLs,s  and  final  finishes. 
Total  support  labor  required  for  FACO  is  divided  into  the  categories 
of  m^ufacturing  en^neering,  tool  engineering,  tool  manufacturing, 
quality  control,  engineering,  and  material  inventory.  (Note  that 
these  categories  are  specific  to  Lockheed  Martin.) 

The  JSF  takes  advantage  of  recent  advances  in  aircraft  design  tools 
and  concepts,  which  should  improve  the  quality  and  shorten  the 
cycle  time  for  the  required  FACO  processes.  These  include  advances 
in  tooling  concepts  and  improvements  in  computer-aided 
design/computer-aided  manufacturing  (CAD/CAM)  including  three- 


^Functional  Check  Flight. 

®Delivery  to  the  customer. 

are  incomplete  task  logs.  This  category  refers  to  the  labor  that  must  be  done  to 
delivered  subassemblies  to  ready  them  for  FACO. 
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dimensional  solids  modeling  tools.  The  JSF  design  incorporates  very 
few  attachment  points  compared  with  legacy  systems.  The  airframe 
mate  of  the  major  subassemblies  will  be  accomplished  through  a 
numerically  controlled  laser  alignment  system.  Electrical  and 
hydraulic  systems  are  joined  using  adapter  plates.  Given  these  tech¬ 
nologies,  which  facilitate  the  assembly  process  and  reduce  the  need 
for  complex  assembly  tools,  jigs,  and  fixtures,  Lockheed  Martin's 
total  expected  time  for  mate  through  delivery  is  40.8  workdays.  The 
time  can  be  broken  out  as  shown  in  Table  1.2. 

Byway  of  comparison,  Lockheed  Martin's  planned  FACO  cycle  time 
for  the  257th  JSF  aircraft  is  expected  to  be  half  that  of  the  F-16,  a 
much  less  complex  aircraft. 

FACO  activities  make  up  a  relatively  small  portion  of  the  total  aircraft 
cost.  Lockheed  Martin  estimates  that  the  JSF  FACO  cost  is  about  2 
percent  of  fleet  unit  recurring  flyaway  (URF)  costs.  Other  airframe 
work  totals  35  percent  of  costs,  propulsion  totals  19  percent,  and 
other  non-airframe  items  total  44  percent  of  URF  costs. 

The  2-percent  figure  is  a  lower  FACO  percentage  than  other  recent 
programs  have  experienced.  Historically,  FACO  has  been  a  larger 
portion  of  the  total  manufacturing  labor  because  most  of  the  elec¬ 
tronics  and  subsystems  were  integrated  into  the  airfrcime  during  this 
stage.  Also,  old  design  and  manufacturing  approaches  led  to  part 
and  subassembly  variability  problems.  Often  these  problems  were 
discovered  during  final  assembly  and  resulted  in  considerable 

Table  1.2 

Cycle  Time  Required  for  FACO  Activities 


Activity 

Days  to 
Complete 

Structural  mate 

2.4 

Subsystems  mate  and  tail  installation 

4.8 

Final  assembly  and  systems  test 

12.0 

Final  finishes 

10.8 

Field  operations 

10.8 

Total  Workdays 

40.8 
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rework.  Thus,  historically,  the  FACO  percentage  of  the  total  labor  has 
been  higher  than  is  projected  for  the  JSF. 

The  FACO  portion  for  the  F-22  is  3.3  percent  (not  including  engines 
and  some  support).  Reports  indicate  that  F/A-18E/F  FACO  percent¬ 
age  is  higher  still.  The  original  F-22  production  plan  was  to  have  all 
major  assemblies  arrive  “fiilly  stuffed”  with  all  the  components,  sub- 
assemblies,  avionics,  and  so  forth,  rather  than  have  them  installed 
during  FACO.  According  to  interviews  with  DoD  personnel,  there 
have  been  some  difficulties  during  the  initial  production  experience, 
with  more  work  than  expected  taking  place  during  FACO.  Lockheed 
Martin  managers  have  indicated  that  they  are  attempting  to  resolve 
associated  issues.  It  is  not  uncommon  to  have  to  work  through 
difficulties  during  initial  production.  In  any  case,  advances  in  design 
technology  and  production  and  tooling  approaches  since  the  F-22 
was  originally  designed  may  enable  the  JSF  to  meet  its  goals  for 
FACO — ^but  this  is  not  guaranteed. 

PURPOSE  OF  THE  STUDY 

The  JSF  Program  Office  and  OSD  asked  RAND's  National  Defense 
Research  Institute  to  conduct  the  study  mandated  by  Congress,  and 
to  assess  fiilly  and  objectively  different  FACO  strategies.  This  report 
responds  to  that  request.  It  details  the  different  FACO  strategies  that 
were  examined,  the  different  sites  that  were  selected,  and  how  the 
costs  of  doing  different  portions  of  the  work  at  different  sites  were 
assessed. 


FACO  Strategies 

One  of  the  first  steps  of  our  research  was  to  identify  different  FACO 
sp-ategies.  The  congressional  language  makes  it  clear  that  the  acqui¬ 
sition  strategies  to  be  examined  include  an  examination  of  allocating 
all  or  portions  of  FACO  to  different  potential  locations.  RAND  has 
identified  a  number  of  ways  this  allocation  can  occur. 

The  baseline  FACO  strategy,  for  cost  comparison  purposes,  is  to  have 
all  activities  at  a  single  site.  As  described  above,  these  activities 
include  substructures  mating  and  assembly  work,  systems  checkout, 
final  finishing,  and  field  operations.  All  of  these  tasks  would  take 
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place  at  a  single  site  for  the  entire  life  of  the  program,  from  SDD^o 
through  LRIP,  to  FRP.  Unless  directed  otherwise  by  the  U.S.  gov¬ 
ernment,  Lockheed  Martin  plans  to  perform  FACO  at  its  Fort  Worth 
location.  Air  Force  Plant  (AFP)  4.  Company  officials  cite  their  capa¬ 
bilities  there  as  the  reason  for  the  choice  of  that  site,  and  the  cost 
efficiencies  of  performing  all  FACO  at  a  single  location  as  the  reason 
they  do  not  plan  to  split  the  work. 

But  there  are  other  ways  to  accomplish  FACO.  It  could  be  done  at 
multiple  sites:  two,  three,  or  even  more  FACO  sites  could,  conceiv¬ 
ably,  be  operated.  This  approach  would  spread  work  across  different 
locations,  but  each  additional  site  would  potentially  add  cost 
because  of  extra  facilities  requirements,  along  with  the  costs  stem¬ 
ming  from  the  multiple  learning  curves. 

Multiple  site  approaches  can  vary  by  how  the  different  JSF  variants 
are  distributed  among  the  sites.  One  option  is  to  build  all  of  the  vari¬ 
ants  at  every  site.  Another  option  is  to  split  the  variants  among  sites, 
for  example,  assembling  each  variant  at  a  separate  site.  Alternatively, 
one  variant  could  be  built  at  one  site,  and  the  other  two  variants 
could  be  built  at  another  site. 

Another  option  is  to  divide  FACO  activities  among  sites.  For  exam¬ 
ple,  assembly  could  occur  at  one  location  and  system  checkout  at 
another.  Lockheed  Martin  has  argued  convincingly  against  separat¬ 
ing  these  functions,  citing,  for  example  the  cost  and  risk  of  shipping 
the  aircraft  at  any  period  before  flight-test.  Because  of  the  obvious 
and  strong  disadvantages  of  this  strategy,  it  has  not  been  analyzed 
further  in  this  report. 

A  final  set  of  alternatives  in  the  division  of  FACO  activities  concerns 
the  timing  of  adding  new  sites.  One  option  is  that  all  sites  start  up  at 
the  same  time— at  LRIP.  Alternatively,  second  and  third  sites  could 
be  added  at  later  dates  in  the  program  (for  example,  at  the  beginning 
of  FRP). 

To  provide  a  range  of  possibilities  across  these  alternatives,  we  pre¬ 
sent  the  results  from  an  analysis  of  a  sample  of  the  possible  universe. 


^^Terminology  for  the  acquisition  phases,  as  found  in  the  DoD  5000  series  of  acquisi¬ 
tion  regulations,  changed  in  2001.  SDD  refers  to  what  was  previously  known  as  Engi¬ 
neering  and  Manufacturing  Development. 
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WhQe  these  alternatives  do  not  include  all  possibilities,  we  feel  that 
the  following  represent  the  most  reasonable: 

1.  100  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  (baseline 
case). 

2.  100  percent  of  FACO  at  Lockheed  Martin-Palmdale  (Calif.),  at  the 
beginning  ofLRIP. 

3.  100  percent  of  FACO  at  Lockheed  Martin-Marietta  (Ga.),  at  the 
beginning  ofLRIP. 

4.  100  percent  of  FACO  at  Northrop  Grumman-Palmdale,  at  the 
beginning  ofLRIP. 

5.  50  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  and  50  per¬ 
cent  at  Lockheed  Martin-Palmdale,  production  starting  in  Fort 
Worth,  then  splitting  at  FRP. 

6.  50  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  and  50  per¬ 
cent  at  Northrop  Grumman-Palmdale,  production  starting  in 
Fort  Worth,  then  splitting  at  FRP. 

7 .  50  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  and  50  per¬ 
cent  at  Lockheed  Martin-Marietta,  production  starting  in  Fort 
Worth,  then  splitting  at  FRP. 

8.  All  CTOL  at  Lockheed  Martin-Fort  Worth  and  all  CV  and  STOVL 

at  Lockheed  Martin-Marietta,  variant  production  splitting  at 
LRIP.  ^ 

9.  One-third  of  all  production  at  each  of  the  three  Lockheed  Martin 
sites,  production  starting  in  Fort  Worth,  then  splitting  at  FRP. 

We  also  provide  results  from  analyses  designed  to  test  the  sensitivity 
of  these  findings  to  different  conditions,  including  different  levels  of 
transfer  of  learning  across  sites,  different  start  dates  for  alternative 
sites,  and  the  use  of  discounted  net  present  value  (NPV)  instead  of  FY 
2002  dollars. 

Methodology 

This  research  began  approximately  six  months  before  the  contract 
for  SDD  was  awarded  to  Lockheed  Martin  on  October  26,  2001. 
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During  the  months  leading  up  to  the  SDD  award,  RAND  collected 
general  data  on  the  specific  issue  areas  called  out  by  Congress,  on 
other  costs  that  would  vary  by  location  (e.g.,  energy),  and  on  facili¬ 
ties,  along  with  corporate  data  that  were  not  source  selection- 
sensitive.  RAND  began  work  on  a  cost  model  to  estimate  different 
costs  of  performing  FACO  at  different  sets  of  locations.  The  model 
can  assess  the  costs  of  the  different  FACO  strategies  discussed  above. 

After  the  prime  contractor  selection,  RAND  engaged  in  a  second 
round  of  data  collection  to  populate  the  model  with  JSF  program  and 
other  data.  This  period  of  the  study  was  relatively  compressed,  with 
much  data  only  becoming  available  in  the  remaining  six  weeks 
before  this  report  was  due.  We  identified  a  set  of  final  potential 
FACO  sites  to  be  analyzed  in  the  study,  and  collected  specific  costs 
pertaining  to  these  locations.  The  cost  model  calculates  FACO  costs 
at  different  facilities,  given  the  different  FACO  strategies.  RAND  also 
engaged  the  assistance  of  the  Defense  Contract  Management  Agency 
(DCMA)  to  conduct  a  site  survey  used  to  collect  data  specific  to  the 
different  sites.  This  survey  is  provided  in  Appendix  B. 

Where  specific  cost  information  could  not  be  collected,  a  description 
will  be  provided  and  the  implications  assessed.  For  example,  one 
environmental  issue  is  noise  from  acceptance  flights.  There  is  a  risk 
that  community  activists  could  protest  and  create  limitations  on  the 
times  of  day  when  aircraft  can  be  flown.  While  this  does  not  have  a 
specific  cost  calculated  for  it,  the  potential  implications  are  dis¬ 
cussed. 

HOW  THIS  REPORT  IS  ORGANIZED 

This  report  is  organized  in  10  substantive  chapters.  Following  this 
introduction.  Chapter  Two  lays  out  the  policy  issues  of  alternate 
FACO  strategies.  It  includes  a  brief  history  of  programs  with  split 
production,  and  assesses  rationcdes  for  splitting  JSF  FACO.  Chapter 
Three  describes  facilities  requirements  for  FACO  and  the  approach 
we  took  to  the  selection  of  potential  FACO  sites.  Chapters  Four 
through  Eight  describe  and  assess  the  cost  elements  that  vary  for 
each  site.  Chapter  Nine  introduces  the  model  used  to  evaluate  the 
costs  of  performing  FACO  at  different  sites.  Chapter  Ten  presents 
the  results  of  the  study;  it  also  provides  total  cost  estimates  for  a 
variety  of  FACO  strategies  and  discusses  the  sensitivities  of  the 
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results  to  key  parameters.  Finally,  conclusions  are  presented  in 
Chapter  Eleven.  In  addition,  Appendix  A  contains  the  language  from 
the  appropriations  law  directing  this  study;  Appendix  B  includes  the 
DCMA  site  survey;  Appendix  C  contains  a  comparison  of  wages 
across  potential  FACO  sites;  and  Appendix  D  describes  some  of  the 
environmental  legislation  that  affects  the  costs  of  establishing  addi- 
tional  FACO  sites. 


Chapter  Two 

SPLITTING  PRODUCTION 


INTRODUCTION 

While  not  prescribing  a  JSF  FACO  approach,  the  congressional  lan¬ 
guage  calling  for  this  study  required  an  examination  of  alternate 
FACO  strategies.  The  language  focused  principally  on  various  factors 
that  would  affect  the  cost  at  the  different  potential  FACO  sites.  While 
cost  is  a  predominant  consideration,  other  issues  must  be  explored 
as  well  to  ensure  an  informed  decision  regarding  the  sharing  of  FACO 
activities  among  multiple  sites. 

This  chapter  initially  focuses  on  issues  relating  to  splitting  produc¬ 
tion.  In  addition,  it  presents  an  overview  of  several  policy  considera¬ 
tions  that  will  affect  FACO  strategy.  Finally,  this  chapter  provides  an 
overview  of  historical  examples  of  split  production. 

GENERAL  POLICY  ISSUES  RELATED  TO  SPLITTING 
DEFENSE  PRODUCTION 

Several  reasons  are  potentially  valid  for  splitting  any  kind  of  defense 
production.  The  most  common,  from  an  acquisition  viewpoint,  is  to 
generate  competition  to  gain  its  attendant  benefits.  These  benefits 
are  generally  thought  to  include  better  product  performance,  higher 
production  efficiency  and  lower  unit  costs,  and  greater  contractor 
responsiveness.  While  the  JSF  procurement  will  not  incorporate 
competition,  as  will  be  discussed,  it  is  useful  to  describe  competition 
to  clarify  the  issues  involved  in  splitting  FACO  and  how  they  will 
differ. 
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Classic  market  competition  does  not  occur  in  the  procurement  of 
major  defense  systems:  There  are  no  cases  where  a  large  number  of 
sellers  provide  similar  goods  and  services  to  many  buyers.  In  the 
defense  industry,  there  is,  usually,  one  major  buyer  and  a  limited 
number  of  sellers. 

Given  this  environment,  holding  a  true  competition,  where  the  con¬ 
tractor  (seller)  with  the  best  value  bid  (lowest  price  and/or  best  per¬ 
formance)  can  win  100  percent  of  the  business,  has  some  distinct 
disadvantages.  For  example,  the  losing  contractor  must  bear  con¬ 
siderable  costs  at  the  conclusion  of  the  competition — e.g.,  costs 
associated  with  laying  off  workers,  having  to  rehire  and  retrain  them 
later  on.  Furthermore,  a  contractor  who  loses  the  competition  might 
be  forced  out  of  the  business  because  of  these  costs.  After  that,  the 
remaining  contractor  no  longer  faces  the  competition  that  works  to 
keep  costs  down  and  value  up.  Hence,  competition  in  the  defense 
industry  often  features  either  directed  buys,  where  the  production  is 
divided  according  to  some  predetermined  formula,  or  a  continued 
competition,  e.g.,  where  the  work  shared  between  two  or  more  com¬ 
panies  varies  over  time  as  a  function  of  their  performance. 

Splitting  production  has  associated  costs.  These  include  duplicate 
facilities  and  tooling,  loss  of  learning  economies,  and  increased 
overhead  that  occur  when  production  is  split  between  two  or  more 
sites. 

The  benefits  and  costs  of  splitting  production  in  the  procurement  of 
major  defense  weapon  systems  have  been  repeatedly  examined. ^ 
The  question  is  whether  the  benefits  of  competition  outweigh  the 
additional  costs.  This  has  never  been  completely  resolved.  Indeed, 
the  answer  likely  differs  for  different  classes  of  weapon  systems  as 
well  as  in  different  individual  procurements.  It  has  even  been  shown 
that  analyzing  the  effects  of  competition  on  costs  for  one  weapon 
system  using  different  methods  can  produce  different  results.^ 

Usually,  the  definition  of  "competition”  is  two  or  more  separate 
organizations  vying  for  sales  to  DoD,  contrasted  with  a  single  con- 


^For  example,  in  Birkler  et  al.,  2001;  Birkler,  Dews,  and  Large,  1990;  and  Birkler  and 
Large,  1990. 

^Birkler,  Dews,  and  Large,  1990 
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tractor  building  one  system.  In  reality,  a  range  of  alternatives  can  be 
found  along  a  continuum  (depicted  in  Figure  2.1)  that  can  be  labeled 
"level  of  competition,”  or,  more  accurately,  "procurement  produc¬ 
tion  alternatives.” 

Each  of  these  production  alternatives  has  distinct  features  and 
involves  the  maintenance  of  a  different  set  of  skills  by  single  or  mul¬ 
tiple  companies. 

Having  multiple  sources  for  any  weapon  system — "competition” — 
can  take  several  forms.  The  fullest  form  of  competition  is  to  have 
completely  different  weapon  systems  that  would  support  similar 
missions  competing  for  government  orders  (the  far  right-hand  side 
of  Figure  2.1).  These  should  have  enough  functional  similarities  that, 
to  some  extent,  they  can  substitute  for  one  another.  The  government 
theoretically  has  a  choice,  for  example,  in  procuring  more  F-15Es 
versus  more  F-16s.  In  reality,  many  factors,  from  the  different  capa¬ 
bilities  of  the  aircraft  to  the  branch  of  the  armed  forces  for  which  the 
aircraft  was  originally  developed,  shape  the  choice  to  a  great  extent. 
The  companies  involved  in  this  competition  have  the  most  freedom 
in  terms  of  design,  program  management,  production  approaches, 
and  so  forth. 

Often  the  government  already  has  an  existing  weapon  system  for 
which  it  wishes  to  develop  competition.  Given  this,  two  alternatives 
exist  when  introducing  competition  in  weapon  system  acquisition. 
One  is  to  qualify  a  second  source  to  develop  a  system  that  is  func- 
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Figure  2.1 — Continuum  of  Procurement  Production  Alternatives 
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tionally  the  same  but  with  a  different  design,  known  as  a  “form-fit- 
function”  approach.  The  goal  is  for  the  two  systems  to  be  essentially 
substitutable  for  each  other  because  their  capabilities  and  perfor¬ 
mance  would  be  identical  from  the  user's  perspective.  The  form-fit- 
function  approach  can  be  expensive  because  it  essentially  duplicates 
the  effort  involved  in  the  development  process  while  limiting  the 
ability  to  provide  new  capabilities  or  design  approaches.  The  second 
source  is  given  fixed  specifics  to  design  to,  reducing  alternatives,  and 
must  shape  its  own  internal  capabilities  and  expertise  to  develop 
something  functionally  the  same  as  that  developed  by  a  firm  with 
different  capabilities  and  approaches  to  design.  At  the  same  time, 
the  second  source  does  maintain  independent  design  and  program 
integration  expertise.  Military  engines  are  an  example  of  this  kind  of 
market,  where  the  government  can  pick  between  Pratt  &  Whitney 
and  General  Electric  Aircraft  Engines  versions  of  the  same  engine. 

The  other  approach  is  the  “build-to-print”  method,  where  the  sec¬ 
ond  contractor  builds  the  same  system  as  the  prime  contractor.  This 
is  also  known  as  the  “leader-follower"  approach.  The  original  prime 
contractor  must  share  the  blueprints  and  various  processes  with  the 
second  source,  which  may  raise  some  intellectual  property  issues. 
The  goal  is  to  have  an  identical  weapon  system.  A  downside  is  that 
the  second  source  likely  will  not  participate  in  the  design  process. 
The  second  source  does  decide  how  to  organize  production  and  the 
supply  chain,  not  necessarily  duplicating  all  of  the  prime  contractor's 
choices.  This  approach  has  been  followed  in  developing  second 
sources  for  missiles.  For  example,  the  original  producer  of  the 
Tomahawk  missile  was  General  Dynamics/ Convair,  with  McDonnell 
Douglas  integrating  the  guidance  system.  At  the  government's 
request,  the  contractors  shared  technical  information  so  that  each 
could  produce  the  identical  missile.^ 

Each  of  these  three  approaches  (system  competition,  form-fit- 
function,  and  build-to-print)  involves  the  sort  of  competition  not 
under  consideration  here,  as  will  be  discussed  below.  The  alterna¬ 
tives  considered  in  this  study  are:  teaming  with  multiple  sites,  one 
contractor  with  multiple  sites,  and  one  contractor  with  a  single  site. 


^Birkler  and  Large,  1990. 
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One  production  alternative  is  to  have  a  second  company  do  some  of 
the  work  but  have  the  two  companies  participate  in  a  “teaming” 
arrangement.^  Here,  designs  and  processes  are  shared  as  well  as  the 
organization  of  production  and  the  supply  chain.  A  single  contract 
may  be  used  to  purchase  procured  goods  and  services  for  both 
manufacturers.  A  second  team  of  company  managers  is  involved  in 
the  work  and  in  program  management  but  does  not  develop  an 
original  approach.  Two  sets  of  industrial  engineers  can  analyze  the 
work.  Some  duplication  of  effort  is  involved,  but  this  is  limited. 

In  a  second  alternative,  a  single  company  may  choose  to  split  pro¬ 
duction  between  two  sites  that  it  controls.^  This  may  be  done  for 
capacity  or  for  some  other  reason.  Here,  the  duplication  is  even 
more  limited,  specifically,  of  the  two  teams  of  workers  skilled  at 
doing  the  same  kind  of  work,  as  well  as  some  duplication  of  manu¬ 
facturing  engineers. 

Finally,  the  most  restricted  production  alternative,  on  the  far  left- 
hand  side  of  Figure  2.1,  is  a  single  company  building  all  units  at  a 
single  site.  Here,  there  is  one  design  team,  one  program  manage¬ 
ment  team,  one  plant  management  group,  one  set  of  manufacturing 
and  industrial  engineers,  and  one  group  of  workers  performing  the 
labor. 

The  production  alternatives  are  summarized  in  Table  2.1. 

JSF 

With  a  single  weapon  system  under  consideration,  true  competition 
between  the  JSF  and  some  other  system  is  not  at  issue  here.  From 
the  outset,  the  acquisition  strategy  for  the  JSF  has  differed  from 
either  the  form-fit-function  or  build-to-print  approaches.  The  goal 
of  those  two  approaches  is  to  garner  the  benefits  of  competition  by 
letting  the  firms  compete  for  some  of  or  the  entire  buy.  From  the 
beginning  of  the  CDP,  DoD  tried  to  induce  the  best  efforts  from  the 


^This  is  the  third  alternative  from  the  left  on  the  continuum  of  procurement  produc 
tion  alternatives. 

^This  is  the  second  alternative  from  the  left. 
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Table  2.1 

Skills  Maintained  by  Range  of  Production  Alternatives 


Alternative 

Design 

Engineering 

Program 

Management/ 

Integration 

Production/ 

Mechanical 

Engineering 

Touch 

Labor 

System 

Multiple 

Multiple 

Multiple 

Multiple,  with 

competition 

independent 

independent 

independent 

independent 

teams 

teams 

teams 

skills 

Form-fit- 

Independent 

Multiple 

Multiple 

Multiple,  with 

function 

design,  but  to 

independent 

independent 

independent 

constrained 

specifications 

teams 

teams 

skills 

Build-to-print 

Single 

Multiple 

independent 

teams 

Multiple 

independent 

teams 

Multiple,  with 
independent 
skills,  may 
have  same 
management 
approach 

Teaming 

Single 

Multiple 
teams, 
second  team 
has  limited 
impact 

Multiple,  with 
interaction 
and  sharing 

Multiple,  with 
independent 
skills,  same 
management 
approach 

Multiple  sites 

Single 

Single 

Some 

duplication 

Multiple,  with 
independent 
skills 

Single  site 

Single 

Single 

Single 

Single 

contractors  by  awarding  the  JSF  as  a  winner-take-all  program.  The 
winner,  if  it  so  desired,  would  be  able  to  bring  the  losing  contractor 
onto  the  program,  possibly  to  gain  capabilities  or  even  to  win 
support  for  the  program  from  Congress.  Whether  this  cooperation 
would  take  place  at  all,  as  well  as  what  activities  the  losing  contractor 
would  perform,  would  be  negotiated  by  the  contractors  themselves 
and  not  directed  by  DoD.  The  goal  of  the  program  has  been  to  have 
one  contractor  completely  responsible  for  producing  the  weapon 
system. 

For  reasons  that  appear  in  the  next  chapter,  this  report  examines 
only  locations  that  either  Lockheed  Martin  or  Lockheed  Martin  with 
its  JSF  partner,  Northrop  Grumman  Air  Combat  Systems,  control. 
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This  approach  to  FACO  of  the  JSF  corresponds  to  the  “single  site,” 
“multiple  sites,”  and  “teaming”  alternatives  described  above.  (A 
complete  description  of  the  site-selection  process  appears  in  Chap¬ 
ter  Three.)  The  participating  companies  would  not  be  in  competi¬ 
tion  with  each  other,  so  they  would  not  have  the  incentives  that 
competition  generates  in  an  open  market.  At  the  same  time,  the 
partners  should  be  willing  to  share  lessons  learned,  so  some  of  the 
learning  could  transfer  between  sites.  Sites  under  consideration 
include  Lockheed  Martin  facilities  in  Fort  Worth,  Marietta,  and  at 
Site  10  in  Palmdale,  along  with  Northrop  Grumman’s  Sites  3  and  4  in 
Palmdale. 

ARGUMENTS  FOR  AND  AGAINST  SPLITTING  PRODUCTION 

A  directed  split  of  final  assembly  and  checkout  between  two  different 
locations  controlled  by  the  same  firm  or  by  a  firm  and  a  partner 
organization  would  be  a  new  arrangement  for  modern  aircraft  pro¬ 
curement.  An  assessment  of  the  costs  and  benefits  reveals  that  the 
costs  can  usually  be  better  estimated  than  the  benefits,  which  often 
take  an  intangible  form.  In  this  report,  we  use  the  RAND  cost  model 
to  address  the  cost  issue.  The  aniysis  is  described  in  Chapter  Ten. 
In  this  chapter,  we  assess  the  intangible  benefits  typically  cited  in 
support  of  having  competition  or  multiple  sites  in  weapon  systems 
procurement  programs:  contractor  performance,  industrial  base, 
capacity,  risk,  buffer,  and  the  sharing  of  economic  benefits. 

Contractor  Performance 

The  JSF  competition  was  structured  so  that  a  single  prime  contractor 
(which  turned  out  to  be  Lockheed  Martin),  would  win  the  JSF.  Even 
if  the  decision  were  made  to  develop  multiple  FACO  sites,  there 
would  be  no  competition  between  the  sites  in  the  traditional  sense. 
Hence,  it  is  RAND’s  estimation  that  splitting  FACO  would  not  create 
the  benefits  of  competition  in  its  classic  sense,  which  include  better 
product  performance,  higher  production  efficiency  along  with  lower 
unit  costs,  and  greater  contractor  responsiveness,  as  distinct  com¬ 
petitors  fight  to  increase  their  market  share.  Even  without  traditional 
competition,  it  is  conceivable  that  a  type  of  cost  competition  could 
be  set  up  in  house,  with  each  site  being  encouraged  to  be  more  effi¬ 
cient  than  the  others.  Employees  could  be  offered  incentives  to  win 
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the  “competition."  Merely  tracking  and  publicly  reporting  which 
plant  did  better  could  result  in  a  Hawthorne  effect®  that  could 
improve  local  performance. 

However,  incentives  in  defense  production  for  cost  savings  by  the 
contractor  are  limited,  potentially  limiting  the  willingness  of  firms  to 
create  this  kind  of  in-house  competition.  Even  firm-fixed-price  con¬ 
tracts  are  often  based  on  the  previous  year's  cost.  Cost-based  con¬ 
tracts  provide  a  disincentive  to  cut  costs.  These  contract  types  may 
have  slowed  the  adoption  of  industrial  best  practices  by  the  defense 
industry.^  Furthermore,  and  more  dangerously,  if  the  sites  competed 
with  each  other,  it  is  less  likely  that  they  would  share  learning. 
Knowing  that  their  performances  are  being  directly  compared  could 
make  the  sites  less  willing  to  share  lessons  learned  and  process 
improvements  with  each  other.  This  could  result  in  costs  from  loss 
of  learning  that  might  even  outweigh  potential  benefits  from  this 
staged  competition.  If  different  sites  gradually  developed  different 
approaches  that  they  did  not  share  with  each  other,  the  result  could 
be  a  kind  of  “configuration  drift,”  as  the  aircraft  built  at  the  different 
sites  became  less  common.  (This  would  be  a  risk  even  though  there 
presumably  would  be  conscious  effort  on  the  part  of  DoD  to  manage 
this.)  The  result  of  less  commonality  could  be  greater  life-cycle  costs. 

One  reason  cited  in  historical  cases  for  adding  a  second  source  in 
weapon  procurements  is  insufficient  or  even  bad  performance  by  the 
initial  prime  contractor.  The  F-lOO  engine  is  an  oft-cited  example  of 
this.  According  to  some  sources,  Pratt  &  Whitney  was  unresponsive 
to  its  most  important  customer— DoD,  which  then  developed  Gen¬ 
eral  Electric  Aircraft  Engines  as  a  second  source.®  Better  contractor 
performance  is  one  of  the  benefits  of  competition.  However,  divid¬ 
ing  JSF  FACO  activities  among  the  sites  considered  in  this  research 
would  not  create  or  reflect  a  competitive  situation.  Although  there 
may  be  variation  in  performance,  having  a  single  corporate  man¬ 
agement  team  interacting  with  the  customer  would  mean  individual 


^Researchers  investigating  ways  to  improve  worker  performance  noted  that  manage¬ 
ment  attention  led  workers  to  increase  their  effort.  This  research  was  conducted  at  the 
Western  Electric  plant  in  Hawthorne,  Ill.,  in  the  1930s  (Roethlisberger  and  Dickson, 
1939;  Mayo,  1945). 

^See,  for  example,  Cook  and  Graser,  2001. 

®For  example,  Drewes,  1987. 
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sites  would  not  necessarily  make  attempts  to  be  more  responsive — or 
less  costly— than  the  other  sites. ^ 

Industrial  Base 

According  to  current  procurement  plans,  when  the  F-22  and  the  F/A- 
18E/F  finish  production,  the  JSF  will  be  the  only  manned  tactical  air¬ 
craft  still  being  built  for  the  U.S.  military  (see  Figure  2.2).  While  fol¬ 
low-on  orders  and  orders  for  foreign  military  sales  may  keep  the 
other  production  lines  active  after  production  is  scheduled  to  close, 
these  future  orders  are  unknown.  Some  in  Congress  and  elsewhere 
have  expressed  the  concern  that  having  a  single  tactical  aircraft  pro¬ 
duction  line  with  no  competition  will  result  in  an  unacceptable 
diminution  of  the  tactical  aircraft  industrial  base. 


MM\iMR1559-2.2 
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Figure  2.2 — Fighter  Aircraft  Production  Schedules 


^Although  Lockheed  Martin  would  certainly  have  the  opportunity  to  put  in  place  in¬ 
ternal  corporate  incentives  to  this  effect. 
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The  industrial  base  issue  of  manned  tactical  aircraft  has  been  the 
subject  of  considerable  concern  and  has  been  studied  repeatedly.  In 
2002,  Congress  mandated  a  new  study  to  look  at  the  strength  of  the 
U,S.  military  aircraft  industrial  base  for  all  types  of  aircraft. 

In  the  meantime,  this  report  will  address  what  capabilities  FACO  sus¬ 
tains  and  whether  having  two  JSF  FACO  sites  is  necessary  or  prefer¬ 
able  in  light  of  those  capabilities.  One  way  to  approach  this  issue  is 
to  break  down  the  industrial  base  for  tactical  aircraft  into  its  compo¬ 
nent  capabilities  and  assess  how  well  alternate  production  plans 
sustain  these  capabilities.  These  varied  capabilities  include  overall 
program  management;  design  and  development  of  aircraft;  manag¬ 
ing  the  integration  of  aircraft,  including  managing  a  supplier  indus¬ 
trial  base;  manufacturing  and  support  engineering;  and  performing 
the  actual  labor  involved  with  final  assembly  and  checkout,  as 
appears,  for  example,  in  Table  2.1.  Certainly,  the  loss  of  capability  in 
aircraft  design  or  overall  aircraft  and  program  management  integra¬ 
tion  could  be  a  concern  if  there  were  only  one  producer  of  tactical 
aircraft  (although  there  is  room  for  disagreement  even  here). 
Usually,  these  are  viewed  as  the  most  critical  capabilities  to  main¬ 
tain. 

Splitting  JSF  FACO  across  two  sites  owned  by  the  same  firm  or  by 
teammates  who  worked  on  the  aircraft  development  and  program 
integration  together,  would  not  maintain  the  most  critical  capabili¬ 
ties— design  and  program  integration.  The  work  that  would  be 
duplicated  includes  predominantly  touch  labor  and  some  support 
labor,  including  quality  control  and  engineering.  Furthermore,  the 
work  involved  in  JSF  FACO  is  not  unique.  These  manufacturing  skills 
will  be  supported  by  work  on  other  aircraft  programs,  including  both 
manned  and  unmanned  vehicles,  and  by  maintenance  activities 
throughout  the  life  of  the  aircraft.  One  company's  assessment  was 
that,  while  routine  depot  maintenance  checkout  is  a  factor  of  10  less 
complicated  than  that  involved  in  initial  production,  if  a  problem 
with  the  aircraft  cropped  up  during  depot  maintenance,  many  more 
of  the  initial  production  tasks  would  be  duplicated  and  the  work 
would  approach  initial  checkout  activities. 
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Avoidance  of  Risk 

Having  two  or  more  FACO  sites  could  reduce  the  risk  of  losing  pro¬ 
duction  capability  in  the  event  of  a  natural  disaster  or  a  terrorist 
attack.  Certainly  natural  disasters  cannot  be  planned  for,  although  in 
areas  of  known  natural  risk,  such  as  Southern  California,  building 
codes  can  mitigate  the  risk  of  some  disasters,  e.g.,  earthquakes. 

Industrial  facilities  generally  do  not  make  good  targets  for  terrorists. 
One  expert  on  terrorism^®  assessed  the  risk  of  an  attack  on  an  indus¬ 
trial  location  that  is  not  also  a  major  U.S.  symbol  (such  as  the  World 
Trade  Center  was)  as  low,  because  targeting  industrial  resources  is 
highly  unusual  for  insurgent  groups.  Leftist  groups  may  have  been 
more  likely  to  do  so  if  the  site  was  seen  as  symbolic  of  the  capitalist 
system,  but  this  risk  has  substantially  diminished  in  recent  years. 
Furthermore,  splitting  FACO  does  not  control  the  risk  that  the  attack 
may  occur  on  the  critical  subcomponent  level.  Also,  security  can 
help  mitigate  man-made  disasters. 

Capacity 

As  discussed  below.  North  American  and  Boeing  produced  post- 
World  War  II  military  aircraft  (F-86,  F-lOO,  B-52)  at  multiple  locations 
partly  for  capacity  reasons. A  large  number  of  these  aircraft  were 
needed  quickly  for  the  Cold  War.  While  the  JSF  program  does  call  for 
the  production  of  a  large  number  of  aircraft,  it  is  spread  out  over  20 
years,  reducing  the  pressure  on  the  capacity  of  any  one  plant. 

Furthermore,  the  general  approach  to  aircraft  manufacturing  has 
changed  dramatically  since  the  1950s.  Then,  the  producer  actually 
fabricated  many  of  the  parts  for  the  aircraft,  put  together  the  smaller 
subassemblies,  and  then  assembled  them  into  an  integrated  whole. 
Now,  the  majority  of  the  final  product  is  generally  procured  from 
subcontractors.  Prime  contractors  tend  to  focus  on  integrating 
assemblies  and  subassemblies,  making  it  less  likely  that  having  a 


^^Daniel  Byman,  RAND,  interviewed  February  15, 2002. 

^  ^Another  reason  for  the  2nd  protection  sites  away  from  the  coast  may  have  been  to 
protect  against  a  sea-based  attack.  With  the  development  of  more-powerful  intercon¬ 
tinental  ballistic  missiles,  however,  even  production  sites  in  the  middle  of  the  country 
are  vulnerable. 
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single  location  would  create  an  unacceptable  limit  on  production 
capacity.  The  sites  considered  in  this  analysis  (to  be  discussed) 
operate  one-and-a-half  to  two  shifts,  with  a  support  shift  at  night.  If 
more  capacity  were  needed,  they  could  each  add  a  full  third  shift. 

Finally,  studies  have  shown  that  the  aircraft  industry  currently  has 
excess  production  capacity.  ^ 2  existing  capacity  at  the  major 

aircraft  manufacturing  sites  means  splitting  FACO  is  unlikely  to  be 
needed  to  meet  capacity  requirements.  Chapter  Three  shows  the 
facilities  and  investment  increases  needed  at  the  candidate  FACO 
sites  to  support  full-rate  JSF  production — they  are  small. 

Strategic  Buffer 

The  issue  of  maintaining  an  adequate  buffer  in  production  is  related 
to  the  capacity  issue.  Here,  the  goal  is  to  maintain  facilities  and 
expert  workforces  at  both  sites  so  that  if  a  surge  in  production 
capacity  were  suddenly  needed,  two  trained  workforces  would  be 
available  to  handle  it.  This  could  be  required  if  a  serious  global  com¬ 
petitor  building  up  its  own  tactical  aircraft  capacity  arose,  if  smaller 
contingencies  requiring  tactical  aircraft  response  increased,  or  if 
mission  requirements  changed. 

Several  counterarguments  weigh  against  the  strategic  buffer 
approach.  First,  it  is  highly  unlikely  that  a  strategic  competitor  would 
arise  so  quickly  that  production  at  the  first  FACO  facility  could  not 
speed  up  in  time  or  that  a  second  line  could  not  be  added  elsewhere 
in  response  to  the  threat.  U.S.  intelligence  would  likely  be  able  to 
ascertain  if  a  country  were  building  up  its  tactical  aircraft  capacity  in 
time  for  the  United  States  to  counter.  An  increase  in  small  contin¬ 
gencies  is  more  likely,  but  the  level  of  the  increase  in  FACO  that 
would  be  required  in  this  case  is  not  clear.  As  far  as  changing  mis¬ 
sion  requirements,  generally  this  is  a  longer-term  process  that  can  be 
met  wi^  the  usual  procurement  procedures. 

Furthermore,  the  long  lead  time  on  many  procured  items  going  into 
the  subassemblies  means  that  a  speedy  increase  of  FACO  would  be 


^^Gholz  and  Sapolsky,  1999/2000. 
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very  difficult  unless  an  increase  in  capacity  were  developed  for  the 
entire  JSF  value  stream,  not  just  for  FACO. 

Share  Economic  Benefit 

An  argument  can  be  made  that  defense  production  is  not  the  same  as 
commercial  production.  In  commercial  production,  maximizing 
profit  is  usually  the  overriding  goal.  Defense  production  has  a  public 
policy  component.  Even  if  inefficiencies  result  from  splitting  FACO, 
there  may  be  policy  reasons  to  do  so,  such  as  sharing  the  economic 
benefit  from  a  major  weapon  system  program.  Splitting  FACO  could 
mean  that  two  or  more  communities  get  these  benefits,  rather  than 
just  one. 

The  currently  planned  JSF  program  is  large.  Although  FACO  activi¬ 
ties  make  up  a  small  portion  of  the  total,  around  2  percent,  they  still 
amount  to  several  billion  dollars  for  the  planned  3,002  production 
run,  and  more  if  additional  exports  occur.  Having  multiple  FACO 
sites  would  share  the  economic  benefits  among  more  communities. 
If  FACO  is  spread  across  locations,  two  or  multiple  communities  will 
maintain  major  final  assembly  lines,  complete  with  multiple  skilled 
labor  forces.  If  the  work  is  split,  the  initial  site  will  lose  some  jobs  as 
the  second  site  gains  them. 

Splitting  production  does  not  come  without  costs,  which  we  will 
describe  later.  Each  additional  site  will  require  the  facilities,  equip¬ 
ment,  and  tooling  needed  to  perform  FACO  operations.  Further¬ 
more,  spreading  production  among  multiple  sites  means  that  the 
efficiency  benefits  from  learning  will  likely  be  reduced.  The  result 
will  be  more  labor  hours  and  more  workers  required  to  perform 
FACO. 

The  additional  facilities,  equipment,  tooling,  labor  hours,  and  work¬ 
ers  directly  translate  into  increased  costs  for  the  total  weapon  system 
without  a  concurrent  improvement  in  warfighting  capability.  These 
costs  must  be  covered  somehow,  and  are,  by  the  taxes  that  citizens  in 
all  communities  pay.  In  Chapter  Ten,  we  estimate  the  differential 
costs  of  splitting  FACO.  As  will  be  seen,  they  are  rather  small  when 
compared  with  the  cost  of  the  total  program,  but  are  still  significant 
in  their  own  right.  It  is  a  policy  decision  on  the  part  of  the  U.S.  gov- 
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eminent  to  determine  whether  the  economic  benefits  from  sharing 
FACO  across  multiple  sites  outweigh  these  costs. 

Note  also  that  production  for  the  JSF  is  already  spread  across  the 
United  States.  Many  states  participate  in  the  production  of  sub- 
assemblies  and  components  (see  Figure  2.3).  Subcontractors  to 
these  suppliers  are  further  distributed  across  the  United  States. 

Finally,  because  a  decision  to  split  FACO  to  spread  the  economic 
benefit  might  take  into  account  economically  depressed  areas,  we 
provide  the  December  2001  unemployment  rates^^  the  following 
three  potential  FACO  sites  considered  in  this  report: 

•  Palmdale:  5.7  percent  (average  monthly  rate  for  2001—5.5  per¬ 
cent). 
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Figure  2.3— States  with  Significant  Involvement  in  JSF  Production 


^^http:/  /  www.bls.gov. 
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•  Fort  Worth:  4.7  percent  (average  monthly  rate  for  2001 — 3.68 
percent). 

•  Marietta:  4.2  percent  (average  monthly  rate  for  2001 — 3.4  per¬ 
cent). 

The  average  national  unemployment  rate  was  4.8  percent  in  2001. 
While  Palmdale  has  a  higher  unemployment  rate  than  the  other  two 
locations,  its  unemployment  rate  does  not  indicate  a  depressed 
economy. 

To  summarize,  splitting  FACO  would  benefit  more  than  one  locality, 
but  this  benefit  comes  at  a  cost  to  all  taxpayers  and  may  affect  the 
ability  of  DoD  to  invest  its  resources  into  the  military  capabilities  that 
it  needs.  Significant  JSF  work  is  already  spread  throughout  the 
country,  benefiting  a  number  of  local  communities.  None  of  the 
areas  under  consideration  for  FACO  has  serious  economic  problems. 
Hence,  the  need  to  share  economic  benefits  further  does  not  appear 
to  be  a  compelling  reason  to  split  FACO  activities  among  multiple 
sites. 

THE  U.S.  EXPERIENCE 

The  United  States  has  limited  postwar  experience  with  multisite  pro¬ 
duction  of  aircraft.  In  fact,  no  aircraft  in  production  is  undergoing 
final  assembly  at  multiple  sites.  This  holds  true  for  commercials^  as 
well  as  for  military  aircraft.  There  are  some  instances  of  split  pro¬ 
duction  fi:om  other  defense  systems,  such  as  missiles  and  ships.  The 
following  summary  does  not  attempt  to  be  an  exhaustive  review  of  all 
of  the  cases. 

Three  Post-World  War  II  Aircraft:  F-86,  F-lOO,  and  B-52 

Three  examples  of  post-World  War  II  aircraft  built  in  two  locations 
within  the  United  States  are  the  North  American  F-86  Sabre  and  F- 
100  Super  Sabre  and  the  Boeing  B-52.  Production  for  both  the  F-86 
and  F-lOO  began  in  Southern  California,  and  second  production  lines 


^'^If  multiple  sites  offered  economic  benefits,  presumably,  profit-seeking  commercial 
manufacturers  would  split  their  production. 
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were  later  opened  for  both  aircraft  in  Columbus,  Ohio.  The  B-52  was 
produced  first  in  Seattle,  Wash.;  later,  productfon  took  place  in  both 
Seatde  and  Wichita,  Kan.,  concurrently. all  of  these  cases,  the 
prime  contractor  controlled  both  sites. 

Rich  et  al.  (1981,  pp.  61-66)  present  evidence  on  how  different  cate¬ 
gories  of  costs  of  the  F-lOO  and  the  B-52  programs  were  affected  by 
having  multiple  production  sites  for  the  aircraft.  For  engineering, 
the  B-52’s  second  site  required  about  a  10-percent  increase  in  the 
hours  required  to  produce  the  172  aircraft  manufactured  in  Wichita. 
For  the  F-lOO,  however,  engineering  hours  to  produce  the  359  air¬ 
craft  at  the  second  site  actually  declined  by  about  48  percent.  Rich  et 
al.  postulate  that  a  smaller  fixed  engineering  staff  at  the  second  site 
explains  the  reduction  in  cost,  but  the  savings  could  have  been 
driven  by  a  design  that  was  easier  to  produce  or  by  some  other  factor. 

For  both  the  F-lOO  and  the  B-52,  tooling  requirements  for  the  second 
facilities  were  significant  and  added  substantial  costs.  Nonrecurring 
tooling  hours  for  the  F-lOO  at  Columbus  were  96  percent  of  those 
required  for  the  work  in  Los  Angeles,  even  though  the  maximum 
production  rate  was  40 -percent  less.  If  costs  are  scaled  for  produc¬ 
tion  runs  of  the  same  size,  nonrecurring  tooling  hours  would  have 
increased  by  344  percent  at  the  second  site  for  B-52s  and  by  388  per¬ 
cent  for  F-lOOs.  The  authors  report  that  for  manufacturing,  produc¬ 
ing  at  two  facilities  rather  than  extending  the  original  production  at 
the  original  site  led  to  a  significant  increase  in  manufacturing  labor 
hours.  They  also  note  that  increases  in  material  costs  associated  with 
multiple  sites  can  be  kept  to  a  minimum  if  purchasing  is  centralized 
or  coordinated. 

Rich  and  his  coauthors  note  that  indirect  costs,  including  overhead 
and  general  and  administrative  costs,  make  up  a  large  portion  of  the 
cost  of  any  aircraft.  Each  facility  generally  has  its  ovm  overhead 
rates,  although  some  companies^®  have  moved  to  consolidate  as 
many  of  these  costs  as  possible  across  locations  to  develop  a  single 
overhead  rate  or  at  least  rates  more  similar  across  sites.  The  authors 


l^Rich  et  al.,  1981,  p.  61. 

^®Induding  Lockheed  Martin,  which  has  consolidated  its  Fort  Worth,  Marietta,  and 
Palmdale  facilities  into  one  unit— the  Lockheed  Martin  Aeronautics  Company— head¬ 
quartered  in  Fort  Worth. 
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argue  that  moving  production  to  a  site  with  a  lower  overhead  rate 
may  result  in  overall  savings  if  the  reduction  in  cost  exceeds  the 
increase  in  overhead  costs  that  will  result  at  the  first  facility. 

While  the  B-52  and  F-lOO  offer  interesting  examples  of  multisite  pro¬ 
ductions,  lessons  maybe  limited  for  aircraft  developed  and  produced 
some  50  years  later.  Vastly  different  design  philosophies,  manufac¬ 
turing  technologies,  and  communication  technologies  between  sites 
make  direct  comparison  in  the  search  for  lessons  learned  problem¬ 
atic.  For  example,  aircraft  manufacturers  in  the  1950s  tended  to  do 
much  more  of  the  work  on  site  compared  with  current  practice. 
Today,  aircraft  assemblers  are  much  more  likely  to  contract  out  parts 
and  subcomponents  and  act  more  as  integrators  than  as  fabricators. 

Coproduction  of  an  Aircraft 

Split  production  of  the  same  aircraft  has  often  been  done  because 
overseas  production  lines  have  been  established  either  to  encourage 
overseas  sales  or  as  a  condition  of  such  sales.  Rich  et  al.  (1981,  pp. 
131-133)  present  an  exhaustive  list  of  aerospace  systems  (including 
fixed-wing  aircraft,  helicopters,  and  missiles,  along  with  tanks,  how¬ 
itzers,  armored  vehicles,  and  projectiles)  that  had  been  coproduced 
in  multiple  countries  from  World  War  11  until  that  report’s  publica¬ 
tion.  The  many  examples  of  aircraft  produced  abroad  as  well  as  in 
the  United  States  include  the  F-86,  F-104,  F-4,  F-15,  F-16,  and 
AV-8A/B.  (This  last  aircraft,  also  known  as  the  Harrier,  was  first  pro¬ 
duced  in  the  United  Kingdom  and  later  in  St.  Louis  by  McDonnell.) 

The  F-16  aircraft  is  probably  the  most  comparable  to  the  single¬ 
engine  JSF  (its  ultimate  replacement).  F-16  aircraft  final  assembly 
took  place  in  the  Netherlands  by  Fokker;  in  Belgium  by  SABCA;  in 
Turkey  by  TUSAS  Aerospace  Industries;  in  South  Korea  by  Samsung 
Aircraft;  as  well  as  in  Fort  Worth.  Despite  the  lower  wages  paid  at 
several  of  these  locations,  the  international  production  of  the  F-16,  in 
the  opinion  of  Lockheed  Martin  personnel  interviewed  by  RAND, 
was  never  done  for  efficiency  reasons.  Rather,  the  governments  in 
the  countries  where  this  work  was  performed  were  concerned  about 
their  own  industrial  base  and  with  developing  certain  capabilities,  in 
spite  of  the  cost  premium.  According  to  previous  RAND  research. 
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“Belgian  officials  admit  that  direct  purchase  would  be  about  10 
percent  cheaper  than  having  a  local  production  line.^^  However,  if 
additional  jobs  were  created  in  Belgium  by  Belgian  F-16  production, 
the  resulting  taxes  may  have  meant  that  the  Belgian  government 
saved  money  by  producing  it  domestically. 

THE  EUROPEAN  EXPERIENCE 

Another  example  of  multinational  production  is  offered  by  the  new 
all-European  fighter,  the  EF-2000  Typhoon  (the  Eurofighter)  aircraft, 
which  will  be  produced  by  a  consortium  of  manufacturers  in  four 
countries:  the  United  Kingdom,  Germany,  Italy,  and  Spain.  Each 
nation  will  manufacture  different  components,  and  each  will  have  its 
own  final  assembly  sites.  Production  workshares  will  be  specifically 
related  to  the  number  of  aircraft  ordered  by  each  partner  nation  (232 
for  ffie  United  Kingdom,  180  for  Germany,  121  for  Italy,  and  87  for 
Spain).  BAE  Systems  will  assemble  the  UK  version  in  Warton;  Alenia 
Aerospazio,  a  Finmeccanica  company,  will  assemble  the  Italian  air¬ 
craft  in  Turin;  Construcciones  Aeronduticas  S.A.  will  assemble  the 
Spanish  aircraft  in  Madrid;  and  DaimlerChrysler  Aerospace  AG  will 
assemble  the  German  aircraft  in  Munich.  These  last  two  companies, 
also  known  as  CASA  and  DASA,  are  part  of  the  multinational  defense 
consortium  EADS  (European  Aeronautic  Defence  and  Space  Com¬ 
pany). 

Unquestionably  the  costs  of  producing  the  Eurofighter  at  multiple 
locations  will  be  greater  than  if  there  was  a  single  final  assembly  line. 
According  to  Latham  (1989,  p.  101), 

All  four  participating  countries  plan  to  establish  their  own  final 
assembly  lines,  and  this  will  necessarily  tend  to  reduce  the  benefits 
derived  from  specialisation.  However,  as  final  assembly  typically 
accounts  for  only  about  10  percent  of  European  production  costs, 
the  collaboration  premia  associated  with  duplication  can  be  as  little 
as  1  to  2  percent  of  final  production  expenditures. 


^^Rich  et  al.,  1984. 


Splitting  Production  33 


Later  evidence^^  suggests  that  the  costs  of  EF-2000  FACO  will  be  even 
lower,  on  the  order  of  4  percent,  so  any  cost  of  duplication  of  final 
assembly  lines  would  be  scaled  by  that  smaller  amount.  Having 
separate  final  assembly  lines  may  raise  costs  for  each  nation,  but  the 
FACO  activities  are  seen  as  critical  to  developing  an  adequate  main¬ 
tenance  capability  for  the  aircraft,  as  some  of  the  activities  and  rele¬ 
vant  experience  overlap.  And  because  each  nation  plans  to  maintain 
its  own  aircraft,  multiple  FACO  lines  may  be  the  most  reasonable 
approach  to  developing  this  capability. 

Collaborating  on  a  cross-national  program  is  significantly  less 
expensive  than  having  individual  national  programs,  as  Latham 
(1989,  p.  101)  argues: 

Considering  both  the  benefits  derived  from  scale  and  learning 
economies  and  the  penalties  associated  with  duplication,  it  would 
seem  that  a  base  order  of  800  units  for  the  EFA  program  could  be 
expected  to  reduce  unit  costs  by  as  much  as  30  percent  of  the  cost  of 
a  national  program  (although  15  to  20  percent  is  perhaps  a  more 
reasonable  estimate). 


COPRODUCTION  OF  NAVY  SYSTEMS  BY  MULTIPLE 
CONTRACTORS 

While  no  current  examples  of  U.S.  aircraft  are  undergoing  final 
assembly  at  multiple  locations,  other  defense  programs  have  multi¬ 
ple  final  assembly  locations,  and  these  might  provide  useful  lessons 
for  a  multisite  FACO  strategy  for  the  JSF.  The  production  of  ships 
and  submarines  for  the  U.S.  Navy  probably  offers  the  most  similari¬ 
ties  because  they  are  very  complex  weapon  systems.  Four  are  par¬ 
ticularly  notable.  The  DDG-51  Arleigh  Burke  destroyer  is  being  pro¬ 
duced  at  both  General  Dynamics  Bath  Iron  Works  in  Maine  and 
Northrop  Grumman  Ship  Systems  Ingalls  Operations  in  Mississippi. 
The  original  program  structure  of  LPD-17  Landing  Platform  Dock 
had  it  being  manufactured  at  General  Dynamics  Bath  Iron  Works  in 
Maine  and  Northrop  Grumman  Ship  Systems  Avondale  Operations 
in  New  Orleans.  Virginia-cleiss  submarine  (SSN-774)  production  is 


1  ^Interview  conducted  in  1999  by  Katia  Vlachos  with  a  senior  manager  at  Eurofighter 
GmbH. 
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split  between  Electric  Boat  in  Connecticut  and  Northrop  Grumman 
Newport  News  in  Virginia.  Each  company  is  responsible  for  unique 
modules;  final  assembly  alternates  between  the  two  shipyards.  The 
production  of  the  Los  Angeles~c\^ss  submarines  (SSN-688)  was  also 
split  between  these  two  shipyards.^® 

We  interviewed  individuals  in  the  Navy  and  Office  of  the  Secretary  of 
Defense  who  were  involved  with  these  four  programs.  There  was 
some  disagreement  about  the  reasons  these  programs  had  split  pro¬ 
duction.  Industrial  base  issues,  the  benefits  of  competition 
(including  lower  costs  or  reduced  cost  growth),  and  pure  politics 
were  all  cited  as  reasons  for  the  splits,  and  all  probably  hold  true  to 
some  extent.  Some  capacity  issues  may  exist  in  shipbuilding  as  well 
because  the  shipyards  have  a  limited  number  of  docks.  Whether 
these  limitations  truly  required  the  splitting  of  production  for  these 
ships  is  not  clear. 

Our  interviews  revealed  a  number  of  production  and  management 
issues.  While  shipyards  produce  the  ships  fi*om  the  same  blueprint 
(and  thus  should  be  producing  indistinguishable  systems),  some 
individuals  claim  they  can  easily  spot  the  difference  between  ships 
and  submarines  built  by  different  producers,  although  these  differ¬ 
ences  are  bought  to  be  cosmetic.  Another  difference  is  the  produc¬ 
tion  techniques  employed  by  different  shipyards.  One  such  example 
is  the  bending  or  welding  of  pipes.  One  shipyard  tends  to  bend 
pipes,  whUe  the  other  prefers  to  weld  sections  of  straight  pipe  with 
elbow  joints.  When  changes  in  design  occur,  each  shipyard  has  to 
incorporate  the  change  into  its  approach,  thus  adding  time  and  cost. 

Sharing  information  among  sites  is  not  always  easy.  One  lesson 
learned  painfully  over  time  was  the  importance  of  having  compatible 
design  and  analysis  tools  (i.e.,  for  CAD/CAM).  Programs  with  two 
production  locations  ran  into  difficulties  when  they  used  different 
systems.  There  was  consensus  that  all  ship  manufacturers  were 
considering  CATIA20  as  their  standard  CAD/CAM  program,  so  this 
problem  should  decrease  in  the  future.  But  even  when  these  use 
identical  systems,  the  translation  issues  mentioned  above  can  create 


^^Other  Navy  examples  include  the  ScaM/o//submarine  (SSN-21),  the  FFG-7,  and  some 
sealift  ships. 

2®A  design  and  analysis  tool  originally  developed  by  Dassault  Systemes. 
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problems  if  the  two  companies  have  different  approaches  to  manu¬ 
facturing. 

An  amicable  business  relationship  is  important  for  sharing  lessons 
learned  across  sites.  During  our  interviews,  we  learned  of  cases  in 
which  the  two  corporate  managements  could  not  effectively  work 
together,  and  thus  the  Navy  had  to  step  in  to  resolve  various  issues. 
People  from  the  different  companies  who  worked  together  directly  at 
the  shipyard  usually  had  good  working  relationships.  However, 
because  these  sites  are  not  partners,  but  rather,  direct  competitors, 
some  concern  arose  that  they  would  not  share  all  manufacturing 
experience,  which  would  reduce  overall  cost  or  improve  perfor¬ 
mance  for  all  ships  being  delivered  to  the  Navy.  The  competitors 
must  share  formal  ECPs/ECOs,^!  however,  they  need  not  share 
informal  lessons  learned. 

Whatever  the  original  reasons  for  splitting  the  production  of  the 
ships,  one  split  has  recently  come  under  some  question.  The  Navy, 
Northrop  Grumman,  and  General  Dynamics  agreed  that  the  two 
exchange  work  so  that  each  focuses  more  on  one  program.^^  Under 
this  agreement,  Northrop  Grumman  will  give  up  four  of  its  DDG-51 
destroyers,  which  instead  will  be  built  by  General  Dynamics  at  Bath 
Iron  Works  in  Maine.  In  return,  Bath  Iron  Works  will  give  up  four 
LPD-17  amphibious  ships.  Some  DDG-51s  will  still  likely  be  built  by 
Northrop  Grumman.  Inside  the  Navy  reports,  “the  Navy  maintains  it 
will  reap  significant  savings  in  the  LPD-17  program  by  giving  one 
company  production  of  all  12  ships  in  the  class,  thus  eliminating 
separate  four-ship  and  eight-ship  LPD-17  learning  curves  at  two 
competing  shipyards.”23  in  short,  the  Navy  presumably  assumes  that 
savings  from  a  single  learning  curve  will  be  greater  than  whatever 
savings  competition  would  have  generated. 

The  history  of  split  production  reflects  different  rationales.  Produc¬ 
tion  may  be  split  because  one  plant  does  not  have  adequate  capacity 
to  produce  the  number  of  systems  needed  or  because  of  industrial 


^^Engineering  Change  Proposals/Engineering  Change  Orders. 

^^“Shipbuilding  Giants . . 2002;  “Navy,  GD  and  Northrop  Cement . . 2002.  Also 
see  Darce,  2002. 

^^“Navy,  GD  and  Northrop  Cement . . 2002. 
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base  considerations.  The  cost  of  establishing  a  second  facility  and 
the  learning  curve  costs  incurred  at  the  new  facility  typically  increase 
overall  production  costs,  although  one  contact  argued  that  competi¬ 
tion  has  helped  control  contractor  cost  growth,  even  if  no  reductions 
in  cost  are  obvious. 

CONCLUSION 

Historical  experience  with  multiple  production  sites  for  weapon 
system  production  indicates  that  the  approach  increases  costs. 
While  several  arguments  other  than  cost  can  be  made  for  requiring 
multiple  sites  for  JSF  FACO  operations,  they  are  not  individually  or 
collectively  compelling. 

The  trend  in  government  management  of  the  defense  business  has 
been  to  reduce  the  amount  of  oversight  and  government  control. 
The  driving  concept  of  performance-based  contracting  practices  is 
that  telling  defense  contractors  the  performance  required  of  the 
desired  weapon  system  rather  than  specifically  telling  them  how  to 
buUd  it  will  encourage  them  to  use  their  ingenuity  to  meet  govern¬ 
ment  needs  most  effectively.  Requiring  Lockheed  Martin  to  split  JSF 
FACO  functions  among  different  sites  would  therefore  go  against  the 
spirit  of  acquisition  reform. 

However,  the  government  might  decide  that  the  benefits  of  splitting 
FACO  outweigh  its  costs.  That  is  a  policy  question  for  the  appropri¬ 
ate  decisionmakers  to  address.  This  research  has  revealed  no  com¬ 
pelling  case  for  benefits  in  support  of  splitting  FACO. 


_ Chapter  Three 

SITE  SELECTION  ISSUES:  PLANT  AND  MAJOR 
FACILITY  REQUIREMENTS  FOR  FACO 


The  congressional  language  requiring  this  study  calls  for  the  identifi¬ 
cation  of  each  government  and  industry  facility  that  is  a  potential  site 
for  JSF  FACO.  Many  factors  require  consideration  when  selecting  an 
appropriate  location  for  FACO  activities.  Industrial  engineers 
include  manufacturing  requirements,  specifics  of  the  site,  and  exter¬ 
nal  local  and  state  issues  when  making  their  selection.  i  In  this 
chapter,  we  describe  the  general  considerations  for  selection  of  the 
FACO  site,  followed  by  a  discussion  of  the  sites  that  RAND  considers 
to  have  reasonable  potential.  This  chapter  also  provides  details 
regarding  the  major  plant  and  facility  for  any  FACO  location,  whether 
a  single  or  multiple  site  FACO  strategy  is  used. 

We  present  a  discussion  of  a  theoretical  approach  to  site  selection 
that  addresses  the  question  of  how  the  universe  of  potential  sites  can 
be  whittled  down  to  those  that  are  reasonable.  The  most  practical 
approach  would  be  selecting  a  site  or  sites  with  a  current  military  air¬ 
craft  production  line  that  has  sufficient  capacity  to  accommodate  JSF 
FACO  operations.  Within  that  subset,  the  most  reasonable  candidate 
sites  would  be  those  controlled  by  either  Lockheed  Martin  Aeronau¬ 
tics  Company  or  its  partner,  Northrop  Grumman  Air  Combat  Sys¬ 
tems.  This  approach  selects  the  candidate  sites  from  among  the 
most  practical  and  meets  direction  provided  by  the  JSF  Program 
Office. 


^Tompkins,  2001. 
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SPECIFIC  SITE  PHYSICAL  REQUIREMENTS 

According  to  Lockheed  Martin,  the  specific  plant  and  major  facilities 

required  to  conduct  JSF  FACO  at  any  given  site  are  as  follows: 

•  A  runway  at  least  8,000  x  150  ft. 

•  A  published,  FAA-approved  instrument  approach  and  controlled 
airfield  environment. 

•  Arresting  gear. 

•  Taxiways  and  sufficient  ramp  space. 

•  An  environmentally  conditioned  assembly  building  of  approxi¬ 
mately  130,000  sq  ft  (which  includes  assembly  storage  and  office 
space). 

•  An  environmentally  controlled  paint  facility  (this  may  be  a  sec¬ 
tion  of  the  main  assembly  building). 

•  A  low-observable  testing  and  verification  building  (or  section  of 
the  main  assembly  building). 

•  An  aircraft  flight  operations  run  building  (or  section  of  the  main 
assembly  building). 

•  A  ^'hover  pad”  and  a  hover  pit  for  ground  operation  of  the  STOVL 
variants. 

•  Road  access  from  the  interstate  highway  system. 

•  Sufficient  reliable  and  economical  electrical  power  for  all  FACO 
operations. 


CATEGORIES  OF  FACO  OPTIONS 

Given  these  requirements,  DoD  has  at  least  five  options  for  selecting 
an  alternate  location  for  JSF  FACO  activities.  In  roughly  descending 
order,  according  to  the  number  of  potential  sites  (as  well  as  cost  to 
the  government),  these  are  as  follows: 

1 .  Constructing  an  airfield  with  new  plant  and  facilities  on  a  site  not 
previously  used  for  such  a  purpose  (a  “greenfield”  site). 
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2.  Selecting  a  site  with  an  appropriate  airfield,  but  without  existing 
plant  and  facilities  capable  of  supporting  JSF  FACO  operations. 

3.  Selecting  a  site  with  an  appropriate  airfield,  and  with  existing 
plant  and  facilities  capable  of  supporting  JSF  FACO  operations. 

4.  Selecting  a  site  with  an  appropriate  airfield,  and  with  a  current 
DoD  operational  or  depot  activity  with  excess  plant  and  facilities 
capable  of  supporting  JSF  FACO  operations. 

5.  Selecting  a  site  with  an  appropriate  airfield,  and  with  a  current 
military  aircraft  production  or  modification  line  with  excess 
plant  and  facilities  capable  of  supporting  JSF  FACO  operations. 

What  follows  is  a  discussion  of  each  of  these  approaches,  along  with 
their  benefits  and  cost.  There  is  some  repetition  of  the  advantages 
and  disadvantages  among  the  alternatives. 

Option  1:  A  “Greenfield”  Site 

Although  there  are  recent  examples  (such  as  Denver  International 
Airport)  of  airport  construction  at  a  “greenfield”^  site,  this  has  proved 
to  be  a  very  expensive  process.  RAND  considers  this  option  highly 
risky  from  a  JSF  schedule  viewpoint  and  does  not  consider  the 
greenfield  option  to  be  cost-effective  for  JSF  FACO,  especially  given 
the  supply  of  underutilized  airfields  currently  supporting  aircraft 
production,  DoD  operations,  or  logistics  activities.  U.S.  Secretary  of 
Transportation  Norman  Y.  Mineta  has  noted  that  adding  a  runway  to 
an  existing  airfield  can  take  as  long  as  10  years. ^  In  fact,  it  took  16 
years  for  the  Memphis-Shelby  County  Airport  Authority  to  receive 
approval  and  construct  two  runways.  In  addition,  the  estimated  cost 
of  an  additional  runway  at  existing  airports  ranges  from  $76  million 
for  a  runway  at  Boston  Logan  to  $1,156  billion  at  Lambert-St.  Louis 
International  Airport  (which  includes  acquisition  of  additional  prop¬ 
erty).^  The  average  cost  of  14  “critical”  runways  planned  or  under 
construction  at  existing  airports  in  the  United  States  is  just  under 


^That  is,  a  site  where  there  are  no  facilities  whatsoever— literally  a  green  field. 
^Mineta,  2001. 

4cho,  2001. 
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$400  million.^  This  approach  would  almost  certainly  be  the  most 
costly  and  time-consuming  alternative  to  satisfying  JSF  require¬ 
ments,  especially  in  the  early  stages  of  production,  and  adds  consid¬ 
erable  schedule  and  cost  risk  to  the  program.  However,  it  does  have 
some  advantages: 

•  Hundreds  or  even  thousands  of  candidate  sites  could  be  consid¬ 
ered. 

•  The  latest  designs  and  technology  could  be  incorporated  into  the 
location. 

•  A  site  where  the  economic  benefits  from  the  work  could  help  a 
faltering  economy— for  example,  one  with  chronically  high 
unemployment — could  be  selected. 

•  The  site  could  maximize  state  and  local  tax  incentives. 

•  The  site  could  be  placed  where  noise  and  environmental  consid¬ 
erations  would  be  negligible. 

However,  in  addition  to  the  initial  cost  and  schedule  risk,  a  greenfield 
site  has  several  disadvantages: 

•  It  could  require  significant  regulatory  action  including  environ¬ 
mental  and  Federal  Aviation  Administration  (FAA)  approvals  as 
well  as  long  lead  time  for  airfield  construction. 

•  It  requires  creating  an  entire  airfield  environment  encompassing 
instrument  approaches  for  a  required  capacity  of  less  than  10  JSF 
flights  per  day. 

•  It  adds  to  existing  overcapacity  in  the  aircraft  industry. 

•  The  entire  cost  of  operating  the  airfield  would  be  borne  by  the 
JSF  FACO,  unless  other  commercial  or  DoD  uses  could  be  found. 

•  There  would  be  no  sharing  of  overhead,  security,  and  other  sup¬ 
port  costs  with  other  DoD  programs. 


^rports  with  planned  runways  or  runways  already  under  construction  are  in  Detroit, 
Mi^i,  Orlando,  Houston,  Denver,  Minneapolis,  Charlotte,  Atlanta,  Boston,  Cincin¬ 
nati,  Seattle,  St  Louis,  Washington  (Dulles),  and  Dallas  (Cho,  2001). 
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In  terms  of  new  facilities  costs  to  create  an  alternative  site  to  the  Fort 
Worth  facility,  we  estimate  that  the  cost  of  this  option  would  far  out¬ 
weigh  the  amount  of  work  that  JSF  FACO  represents.  A  few  billion 
dollars  of  FACO  activity  spread  over  20  years  does  not  justify  the 
likely  costs  and  especially  the  schedule  risks  involved  in  this 
approach. 

Option  2:  A  Site  with  an  Existing  Airfield  Only 

This  option  would  involve  the  use  of  an  existing  U.S.  civil  airfield 
capable  of  handling  jet  aircraft  that  has  a  runway  and  taxiways  suffi¬ 
cient  to  meet  JSF  requirements,  but  also  one  that  currently  does  not 
have  appropriate  ramp  space,  buildings,  and  other  facilities  for  FACO 
operations.  Research®  has  revealed  that  there  are  approximately  375 
airfields  within  the  continental  United  States  (CONUS)  Avith  runways 
of  at  least  8,000  ft  in  length  and  widths  of  150  ft  or  more  and  FAA  or 
military  airspace  controls.  This  option  shares  some  of  the  advan¬ 
tages  of  a  greenfield  site  in  addition  to  some  others: 

•  Hundreds  of  sites  in  the  United  States  would  be  candidates. 

•  The  latest  designs  and  technology  could  be  incorporated  into  the 
buildings  and  other  facilities  constructed. 

•  A  site  where  the  economic  benefits  from  the  work  could  help  a 
faltering  economy— for  example,  one  with  chronically  high 
unemployment — could  be  selected. 

•  State  and  local  tax  incentives  might  be  available. 

•  A  site  with  relatively  few  regulatory  restrictions,  such  as  noise 
and  environmental,  could  be  chosen,  although  it  might  still 
require  some  regulatory  approveds. 

•  The  costs  of  operating  the  airfield  could  be  shared  with  activities 
or  organizations  already  there. 

However,  this  option  also  has  several  disadvantages: 


®NIMA,  2001;  U.S.  Department  of  Transportation,  2001. 
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•  It  could  require  significant  construction  effort  for  additional 
ramp  space,  buildings,  and  other  facilities. 

•  If  it  were  a  nonactive  airfield,  the  costs  to  reopen  and  refurbish 
the  facilities  would  be  significant. 

•  It  adds  to  existing  overcapacity  in  the  aircraft  manufacturing 
industry. 

•  It  provides  for  no  sharing  of  overhead,  security,  and  other  sup¬ 
port  costs  with  other  DoD  programs. 


Option  3:  An  Airfield  with  Existing  Buildings  Capable  of 
Supporting  JSF  FACO 

This  option  would  involve  the  use  of  an  existing  U.S.  civil  airfield  (or 
closed  DoD  or  commercial  airfield)  capable  of  handling  jet  aircraft 
that  has  a  runway,  taxiways,  and  ramp  and  building  space  sufficient 
to  meet  most  JSF  requirements.  Some  minor  construction  or  refur¬ 
bishment  might  be  required  to  the  airfield  or  buildings  to  make  them 
suitable  for  JSF  FACO  operations.  Assessing  the  facilities  available  at 
each  of  the  375  airfields  was  both  impractical  and  beyond  the  scope 
of  this  study.  However,  given  knowledge  of  the  existing  facilities  and 
using  a  generic  list  of  facilities  and  equipment  costs,  an  estimate  of 
the  required  investment  at  each  site  could  be  developed,  after  the 
availability  and  condition  of  facilities  at  a  site  were  determined. 

Although  this  option  somewhat  narrows  the  number  of  candidate 
airfields,  compared  with  the  second  option,  it  has  some  of  the  same 
advantages: 

•  WhUe  the  exact  number  of  sites  that  fall  into  this  category  cannot 
be  determined  without  site  surveys,  we  believe  that  dozens  of 
sites  in  CONUS  would  be  candidates. 

•  A  site  where  the  economic  benefits  from  the  work  could  help  a 
faltering  economy— for  example,  one  with  chronically  high 
unemployment— could  be  selected. 

•  State  and  local  tax  incentives  might  be  available. 
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•  A  site  with  relatively  few  regulatory  restrictions,  such  as  noise 
and  environmental,  could  be  chosen,  although  it  could  still 
require  some  regulatory  approvals. 

•  The  costs  of  operating  the  airfield  could  be  shared  with  activities 
or  organizations  already  there,  if  it  were  an  active  airfield. 

However,  many  of  the  same  disadvantages  remain: 

•  It  could  require  some  new  regulatory  approvals,  especially  envi¬ 
ronmental  ones,  particularly  if  the  airfield  were  not  active. 

•  If  it  were  an  inactive  airfield,  the  costs  to  reopen  and  refurbish 
the  facilities  would  be  significant. 

•  Developing  the  capacity  to  conduct  ISF  FACO  at  a  new  site  would 
add  to  existing  overcapacity  in  aircraft  industry. 

•  It  provides  for  no  sharing  of  overhead,  security,  and  other  sup¬ 
port  costs  with  other  DoD  programs. 

Option  4:  A  Site  with  a  Current  DoD  Operation  or  Depot 
Activity  with  Excess  Building  Capacity 

This  option  would  involve  placing  JSF  FACO  at  one  of  the  188^  air¬ 
fields  in  CONUS  that  has  an  active-duty,  reserve.  National  Guard,  or 
DoD  depot  organization  present.  The  site(s)  selected  would  have 
existing,  underutilized  building  space  so  only  minor  construction 
would  be  necessary  to  accommodate  FACO  operations.  This  option 
offers  the  opportunity  for  the  JSF  FACO  operation  to  share  many 
facility  and  airfield  operations  costs  with  the  other  DoD-funded 
activities.  As  such,  it  offers  the  following  advantages: 

•  A  site  where  the  economic  benefits  firom  the  work  could  help  a 
faltering  economy — for  example,  one  with  chronically  high 
unemployment — could  be  selected. 

•  State  and  local  tax  incentives  might  be  available. 


“^NIMA,  2001;  U.S.  Department  of  Transportation,  2001. 
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•  JSF  noise  and  environmental  issues  would  be  relatively  minor 
additions  to  an  active  DoD  flying  operation. 

•  The  costs  of  operating  the  airfield,  security,  etc.,  could  be  shared 
with  DoD  activities  or  organizations  already  there. 

•  With  little  construction  required,  schedule  risk  to  JSF  could  be 
minimized. 

Disadvantages  associated  with  this  option  include  the  following: 

•  It  does  not  reduce  overcapacity  in  the  military  aircraft  manufac¬ 
turing  industry. 

•  It  would  require  different  management  structures  for  the  DoD 
activities  and  JSF  FACO  activity,  so  overhead  cost  avoidance 
would  be  small. 

•  The  number  of  sites  available  for  this  option  is  unknown  and 
would  require  a  site  survey  of  each  location  to  determine  its 
capacity. 

•  Recruiting  FACO  production  workers  should  be  easier  near  exist¬ 
ing  aerospace  activities. 


Option  5:  Selecting  a  Site  with  a  Current  Military  Aircraft 
Production  Line  That  Has  Sufficient  Capacity  to 
Acconunodate  JSF  FACO  Operations 

Although  this  option  yields  the  fewest  FACO  candidate  sites,  it  also 
provides  the  greatest  direct  savings  or  cost  avoidance  to  the  JSF  and 
other  DoD  production  or  maintenance  programs.  Approximately  20 
locations  in  CONUS  have  either  new  production  lines  or  heavy  main¬ 
tenance  activity  for  military  aircraft.  This  option  will  reduce  FACO 
overhead  costs.  If  the  FACO  workload  is  put  at  existing  locations, 
overhead  costs  (especially  those  related  to  contractor  management 
organization),  facilities,  security,  airfield  operation,  etc.,  can  be 
shared  with  other  programs.  In  addition,  taking  advantage  of  the 
existing  contractor  management  organization  may  lower  some  direct 
costs. 

In  addition,  other  advantages  include  the  following: 
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•  Although  more  limited  than  previous  options,  the  site  with  the 
weakest  economy — for  example,  one  with  the  highest  unemploy¬ 
ment  rate — could  be  selected. 

•  It  uses  some  of  the  overcapacity  in  military  aircraft  production. 

•  It  avoids  the  requirement  for  other  than  minor  construction  of 
facilities,  thereby  avoiding  costs  and  schedule  risk  to  the  pro¬ 
gram. 

•  It  should  limit  the  number  of  new  environmental  or  noise  issues 
at  the  location. 

•  It  uses  the  expertise  of  contractor  employees  already  on  site, 
including  production  workers,  engineers,  and  managers. 

•  Much  of  the  cost  of  a  FACO  operation  stems  from  overhead 
costs.  Performing  FACO  at  a  location  with  other  DoD  business 
would  allow  the  sharing  of  overhead  costs  over  a  wide  range  of 
products  and  cut  costs  for  both  the  JSF  and  other  military  pro¬ 
grams. 

•  It  allows  the  use  of  the  existing  DoD  plant  representative  organi¬ 
zation  at  the  location. 

•  Recruiting  FACO  production  workers  should  be  easier  near  exist¬ 
ing  aerospace  activities. 

However,  with  the  number  of  such  sites  limited,  some  of  the  disad¬ 
vantages  of  this  option  are  the  following: 

•  It  may  conflict  with  current  and  planned  production  at  a  site  in 
terms  of  facility  asset  utilization  and  schedules. 

•  State  or  local  tax  incentives  might  be  limited  at  candidate  sites 
compared  with  other  locations. 


OPTION  AND  SITES  CHOSEN  FOR  ANALYSIS 

Based  on  the  pros  and  cons  identified  above  for  each  of  the  five 
options,  RAND  judges  that  it  would  be  most  cost-effective  to  choose 
option  5  for  in-depth  analysis.  While  the  numerical  magnitude  of  the 
costs  and  benefits  associated  with  all  these  options  could  not  be 
explicitly  assessed,  an  examination  of  the  construction  and  adminis- 
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trative  tasks  associated  with  the  first  four  options  supports  that 
reduction  in  candidate  categories  for  further  study. 

Within  option  5,  RAND  assessed  the  following  four  locations  for  in- 
depth  analysis:  Lockheed  Martin’s  plant  at  Fort  Worth;  Lockheed 
Martin’s  plant  at  Marietta;  Lockheed  Martin’s  plant  at  Palmdale;  and 
Northrop  Grumman  Air  Combat  System’s  leased  sites  Three  and 
Four  at  Palmdale.  All  four  locations  are  run  by  members  of  the  Lock¬ 
heed  Martin  JSF  Team.  We  did  not  assess  locations  operated  by 
firms  not  already  associated  with  JSF,  as  we  will  discuss  below. 

The  selected  sites  meet  the  basic  plant  and  facilities  (excluding  tool¬ 
ing)  requirements  for  FACO,  with  some  additions  (see  Table  3.1). 
Each  site  would  require  some  investments.  For  example,  for  a  split 
production  approach,  it  would  cost  $27-65  million  to  bring  any  of  the 
three  alternative  sites  up  to  FACO  requirements.  This  is  on  top  of  the 
approximately  $14  million  that  would  be  needed  at  Fort  Worth  for 
post-SDD  investments  for  its  remaining  portion  of  the  work.  The 
costs  of  these  individual  site  requirements  are  included  in  the  RAND 
cost  model. 

The  sponsors  of  this  project  directed  RAND  to  analyze  Lockheed 
Martin  Team  options  because  to  do  otherwise  would  be  to  diverge 
from  the  long-standing  JSF  winner-take-all  strategy,  which  was  reaf¬ 
firmed  as  recently  as  2001.® 

Although  option  5  could  be  modified  to  include  a  situation  where  the 
Lockheed  Martin  Team  could  subcontract  some  of  the  FACO  activity, 
this  woidd  be  a  unique  practice  in  recent  mUitary  aircraft  experience. 
Estimating  costs  associated  with  it  would  be  problematic  because  no 
recent,  large-scale  experience  with  aircraft  FACO  subcontracting  has 
occurred,  and  thus  no  relevant  precedents  exist.  Even  if  other  plants 
were  included  in  this  option,  it  would  be  difficult  to  assess  the 
numerous  uncertain  or  unknown  costs.  These  could  include  pay¬ 
ments  to  Lockheed  Martin  to  share  intellectual  property  for  the 
FACO  activities  occurring  at  other  companies’  locations.  The  scope 


®Birkleretal.,2001. 
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of  the  study  did  not  include  an  investigation  into  what  kinds  of  data 
would  have  to  be  shared  with  an  outside  firm  or  how  and  whether 
this  could  effectively  be  done.  This  study  also  did  not  investigate 
potential  contracting  vehicles  that  would  be  required  to  get  the 
Lockheed  Martin  Team  to  share  proprietary  design  and  production 
data  with  outside,  non-JSF  firms.  Further,  the  issue  of  warranties  on 
work  completed  would  also  have  to  be  negotiated  between  parties. 

Table  3.1 

Facilities  Requirements  for  JSF  FACO 


Lockheed 
Martin- 
Fort  Worth® 

Lockheed 

Martin- 

Marietta'’ 

Lockheed 

Martin- 

Palmdale 

Northrop 

Grumman- 

Palmdale 

8,000-ft  runway 

Y 

Y 

Y 

Y 

FAA  instrument 
approach 

Y 

Y 

Y 

Y 

Arresting  gear 

Y 

Y 

N 

N 

Taxiways  and 
ramp  space 

Y 

Y 

Y 

Y 

Building  (130,000  sq  ft) 

Y 

Y 

Y 

Y 

Air  conditioned 

Y 

Y 

N 

Y 

Paint  facility 

pc 

P 

N 

pd 

Low-observable 
building  or  space 

Y 

Y 

N 

N 

Flight  operations  run 
building 

Y 

P 

N 

Y 

Hover  pad 

Y 

N 

N 

N 

Road  access 

Y 

Y 

Y 

Y 

Adequate  electric 
power 

Y 

Y 

Y 

Y 

KEY:  Y  =  present,  N  =  not  present,  P  =  partial. 

®The  Fort  Worth  facilities  assessment  is  after  JSF  SDD  facilitization. 

•’The  Marietta  facilities  assessment  assumes  use  of  F-22  production  facilities  where 
possible  after  that  program  finishes,  for  example,  painting,  low- observable  testing, 
flight  operations  run  stations;  additional  requirements  are  added  to  these  capabilities 
at  Marietta  where  needed.  Some  overlap  in  2011  and  2012  between  F-22  and  JSF  pro¬ 
duction  would  have  to  be  resolved,  depending  on  the  strategy  chosen. 

^“Partial”  means  some  of  the  required  capability  is  present  or  will  be  present  when  JSF 
production  begins. 

^Some  overlap  with  B-2  building  use  will  have  to  be  resolved  if  Site  4  were  used  as  an 
alternative  location. 

NOTE:  Specific  tooling  and  equipment  requirements  are  listed  in  Chapter  Nine. 
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CONCLUSION 

In  terms  of  alternate  locations  to  the  current  JSF  plan  of  having  all 
FACO  at  the  Fort  Worth  plant,  any  of  the  other  three  sites  assessed 
are  viable  candidates  in  terms  of  new  facility  costs,  schedule  risk,  and 
retention  of  the  overall  JSF  winner-take-all  strategy.  For  comparison 
purposes,  the  difference  in  facility  investments  only  between  per¬ 
forming  all  FACO  at  Fort  Worth  and  performing  half  at  Fort  Worth 
and  half  at  one  of  the  other  three  locations  ranges  from  a  savings  of 
about  $15-20  million  to  an  additional  investment  of  a  little  more 
than  $30  million  over  the  base  case  of  100-percent  FACO  at  Fort 
Worth  (in  FY  2002  dollars;  these  numbers  are  based  on  our  analysis, 
which  will  be  discussed  later).  This  equates  to  a  difference  for  the 
3,002  aircraft  buy  of  saving  between  about  $5,000  per  aircraft  and 
adding  about  $10,000  per  aircraft  for  new  facilities  costs  only.  The 
savings  in  facilities  costs  will  result  if  part  of  JSF  FACO  activities  are 
moved  to  Marietta  after  the  F-22  goes  out  of  production.  However, 
these  facility  cost  differentials  must  be  factored  into  the  total  cost 
calculations  for  nonrecurring  and  recurring  costs  at  varying  produc¬ 
tion  rates  at  the  four  sites,  as  will  be  described  in  the  cost  model 
results  covered  in  Chapter  Ten. 


_ Chapter  Four 

JSF  WORKFORCE  ISSUES 


WORKFORCE  ISSUES 

An  important  economic  factor  in  the  decision  to  split  FACO  opera¬ 
tions  among  different  sites  is  the  availability  and  cost  of  workers  with 
the  requisite  skills.  Variations  in  costs  at  different  locations  may  be  a 
function  not  only  of  different  basic  wage  rates  but  also  of  hiring  and 
training  costs,  mandated  benefits  that  differ  by  location,  and  various 
incentives  that  states  might  have  to  encourage  new  hiring  by 
employers.  Multiple  FACO  locations  might  also  require  the  reloca¬ 
tion  of  personnel  from  the  base  SDD  site.  Fort  Worth,  and  moving 
costs  would  depend  on  the  location  of  the  new  site. 

In  this  chapter,  we  first  discuss  manufacturing  labor  in  general  and 
the  types  of  labor  specifically  involved  during  the  JSF  FACO  process. 
We  also  discuss  issues  of  labor  cost  and  availability,  including  factors 
besides  wages  that  can  affect  the  overall  cost  of  labor  if  more  than 
one  FACO  site  is  used.  We  used  contractor  data  on  labor  costs  and 
other  issues  and,  where  possible,  collected  data  from  independent 
sources  to  confirm  it  or  gain  more  insight. 

LABOR 

Manufacturing  labor  generally  falls  into  two  broad  categories:  direct 
manufacturing  labor  and  indirect  labor.  According  to  the  Defense 
Acquisition  Deskbook,  direct  manufacturing  labor  can  be  defined  as 
either  touch  labor  or  other  direct  labor.  Touch  labor  is  further  sub¬ 
divided  into  such  categories  as  fabrication,  assembly,  or  test  and 
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evaluation.  Determination  of  direct  labor  costs  in  general  and  touch 
labor  costs  in  particular  is  important  during  program  development 
because  it  in  large  part  drives  any  estimate  of  how  much  a  weapon 
system  will  cost.  The  Defense  Acquisition  Deskbook  summarizes  this 
issue  as  follows: 

Contractor-proposed  direct  labor  estimates  typically  are  the  foun¬ 
dation  of  a  contractor’s  cost.  Normally,  it  is  the  basis  on  which 
supporting  effort  is  factored  and  indirect  burden  allocated.  There¬ 
fore,  the  analysis  of  direct  labor  represents  an  important  element  of 
the  Production  Engineering  effort.  A  large  part  of  the  evaluation 
effort  is  normally  applied  to  analyzing  touch  labor  requirements. 

The  reason  is  that  touch  labor  is  both  the  easiest  major  labor  cate¬ 
gory  to  evaluate  and  usually  the  most  important  one  in  terms  of 
actually  manufacturing  an  end  item  or  system.  Furthermore,  eval¬ 
uation  of  touch  labor  can  provide  insight  into  not  only  the  efficient 
use  of  labor  but  also  material  and  manufacturing  facilities.^ 

To  compare  the  availability  of  labor  and  the  costs  of  FACO  opera¬ 
tions  at  different  locations,  we  first  determined  the  FACO  tasks 
required,  the  labor  skills  needed  for  the  tasks,  the  number  of  hours 
by  skill  to  accomplish  the  tasks,  and  the  hourly  wages  for  individuals 
performing  the  tasks.  With  this  understanding  of  JSF  labor  require¬ 
ments,  we  could  use  the  Standard  Occupational  Classification  (SOC) 
codes  developed  by  the  Bureau  of  Labor  Statistics  to  compare  avail¬ 
ability  and  wages  at  different  sites. 

LABOR  SKILLS  FOR  THE  JSF 

Table  4.1  shows  the  distribution  of  touch  labor  skills  for  F-16  mate- 
through-delivery  in  2001.2  Lockheed  Martin  indicates  that  the  distri¬ 
bution  for  the  JSF  will  be  similar. 


^From  information  provided  by  HQ  AFMC/ENPM  on  the  Defense  Acquisition  Desk- 
hoofcWeb  site  at  http://web2,deskbook.osd.mil. 

^This  information  was  useful  for  investigating  labor  rates.  In  the  cost  model,  labor 
hours  by  FACO  function  are  more  important. 
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Table  4.1 

Touch  Labor  Skill  Distribution  for 
F-16  Mate-Through-Delivery 


Touch  Labor  Category 

Percentage  of  Workers 

Painter-finisher 

9 

Aircraft  assembler 

40 

Aircraft  mechanic 

13 

Avionics  technician 

10 

Electronic  repair  technician 

2 

Field  and  service  mechanic 

26 

Other  direct  labor  categories  normally  include  such  functions  as 
material  handling,  manufacturing  engineering,  sustaining  engineer¬ 
ing,  tool  engineering,  tool  manufacturing,  and  quality  control. 
Information  about  all  of  these  categories  was  available  for  FACO 
operations. 

Whereas  '‘direct  labor”  generally  refers  to  jobs  related  to  the  produc¬ 
tion  of  a  particular  product,  “indirect  labor”  refers  to  jobs  that  ben¬ 
efit  more  than  one  product  or  the  plant  as  a  whole.  For  example, 
facility  maintenance  at  a  site  where  more  than  one  weapon  system  is 
produced  would  constitute  indirect  labor.^ 

If  FACO  operations  are  split  among  different  locations,  Lockheed 
Martin  will  need  to  ensure  the  presence  of  a  sufficient  number  of 
trained  workers  to  perform  all  direct  and  indirect  FACO  tasks. 

Task  Distribution  and  Total  Workforce  Size  for  FACO 

Table  4.2  is  the  percentage  breakdown  by  activities  of  the  2,129 
"standard”  touch  labor  hours  required  in  FACO  for  the  CTOL  version 
of  the  JSF.  Similar  tables  for  different  JSF  variants  allow  Lockheed 
Martin  to  project  total  direct  labor  hours  by  year  over  the  production 
life  of  the  aircraft. 


^From  information  provided  by  HQ  AFMC/ENPM  on  the  Defense  Acquisition  Desk- 
book  V^eb  site  at  http:/ /web2.deskbook.osd.mil. 
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Table  4.2 

Standard  Hourly  Breakdown  for  JSF  (CTOL  Version) 


FACO  Activity 

Percentage  of 
Standard  Hours 

Structural  mate 

4.2 

Subsystems  mate/tail 

4.2 

Final  assembly/test 

33.4 

Final  finishes 

28.6 

Field  operations 

29.6 

NOTE;  This  breakout  does  not  correspond  to  the  cycle  time  re¬ 
quirements  in  Table  1.2  because  labor  hours  imperfectly  map  to 
total  time  required  for  any  particular  task. 


Lockheed  Martin  also  provided  projections  of  total  FACO  staffing 
from  FY  2006  through  FY  2026,  which  were  used  in  the  analysis  of 
FACO.  Given  a  single  FACO  site,  Lockheed  expects  maximum 
staffing  to  occur  in  2013,  when  more  than  1,000  direct  employees  will 
be  involved  with  FACO — about  60  percent  of  them  as  touch  labor 
workers.  Using  multiple  sites  for  JSF  FACO  will  reduce  the  total 
number  of  workers  required  at  any  one  site,  although  not  in  exact 
proportion  to  the  one-site  total,  because  the  efficiencies  from  learn¬ 
ing  are  not  likely  to  be  entirely  transferred  across  sites  and  because 
duplicate  positions  or  positions  that  vary  with  workload  might  be 
required. 


Standard  Occupational  Classification  System 

The  Bureau  of  Labor  Statistics  (BLS)  maintains  the  Occupational 
Employment  Statistics  program,  which  produces  employment  and 
wage  estimates  for  a  wide  variety  of  occupations.  The  number  of 
people  employed  and  estimates  of  wages  paid  to  them  are  available 
by  SOC  code  for  the  national  and  state  levels  as  well  as  for  certain 
metropolitan  areas.^ 


^The  SOC  system  with  821  detailed  occupations,  449  broad  occupations,  96  minor 
groups,  and  23  major  groups  was  introduced  in  2000.  This  system  is  the  new  standard 
for  all  federal  statistical  agencies  that  report  occupational  data.  Information  about  the 
codes  can  be  found  at  http://stats.bls.gov/oes/oes_ques.htm  (last  accessed  May  30, 
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After  discussions  with  Lockheed  Martin  and  a  comparison  of  nego¬ 
tiated  wage  rates  for  2002,  we  determined  that  the  appropriate  asso¬ 
ciations  of  FACO  activities  with  SOC  codes  are  those  shown  in  Table 
4.3. 

The  enumeration  of  the  skills  required  for  FACO  functions  and  the 
assignment  of  appropriate  SOC  codes  to  those  functions  allows  the 
use  of  BLS  and  state  employment  data  to  determine  the  notional 
costs  and  availability  of  workers  at  potential  FACO  locations. 

COST  OF  LABOR 

Using  BLS  data  and  data  from  individual  states,  we  obtained  hourly 
wages  by  metropolitan  statistical  area  (MSA)  or  county  (as  appropri¬ 
ate  or  available)  for  each  direct  labor  FACO  function  at  each  poten- 


Table4.3 

FACO  Activities  and  Associated  SOC  Codes 


Activity 

Job  Skills 

Suggested  SOC 

Touch  Labor 

Structural  mate 

Aircraft  assembler 

51-2011 

Subsystems  mate 

Aircraft  assembler 

51-2011 

Final  assembly 

Aircraft  assembler 

51-2011 

Flight  operations 

Aircraft  mechanic 

49-3011 

Avionics  technician 

49-2091 

Manloads/ITLs 

Aircraft  assembler 

51-2011 

Electronics  repairer 

49-2094 

Final  coatings 

Painter  (finish) 

51-9122 

Manufacturing  and  field 

operations® 

Support  Labor 

Manufacturing  engineering 

Industrial  engineer 

17-2112 

Tool  engineering 

Industrial  engineer 

17-2112 

Tool  manufacturing 

Tool  and  die  maker 

51-4111 

Quality  control 

Aircraft  assembler 

51-2011 

Engineering 

Aerospace  engineer 

17-2011 

Material  inventory  control 

Aircraft  assembler 

51-2011 

““Manufacturing  and  field  operations”  is  a  blanket  category  used  by  Lockheed  Martin 
to  provide  an  average  labor  rate  for  touch  labor. 
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tial  FACO  site.5  (Specifics  are  available  in  Appendix  C.)  This  infor¬ 
mation  was  used  as  a  check  for  rates  provided  by  Lockheed  Martin 
and  was  the  basis  for  overall  labor  cost  comparisons  of  different 
sites.® 

Whhe  the  hourly  wages  reported  for  the  individual  occupations  listed 
in  Table  4.3  vary  quite  a  bit,  the  weighted  average  of  the  wages  (with 
weights  given  by  the  percentage  of  hours  for  the  activity)  is  almost  8- 
percent  higher  in  Palmdale  than  in  Fort  Worth.  The  weighted  aver¬ 
age  for  Marietta  is  a  little  more  than  0.5-percent  higher.  Lockheed 
charges  the  government  the  same  labor  rate  regardless  of  the  loca¬ 
tion  of  the  work,  but  the  rate  is  based  on  the  average  of  the  costs  at 
each  site,  so  moving  work  from  one  site  to  another  will  change  the 
rate  charged.  When  more  than  one  Lockheed  Martin  site  is  used  for 
FACO,  we  adjust  the  direct  labor  rates  to  reflect  the  differences  in 
local  wage  rates. 


OTHER  COSTS  RELATED  TO  THE  WORKFORCE 

In  addition  to  wage  rates,  several  other  factors  could  affect  the  costs 
of  labor  at  different  FACO  locations.  Among  them  are  training  costs, 
workers'  compensation  costs,  and  costs  of  special  benefits  that  might 
be  required  by  local  legislation.  Costs  at  different  locations  can  also 
be  reduced  by  such  special  incentives  as  hiring  or  training  credits. 
Tax  incentives  may  also  reduce  costs.  These  are  presented  in  the  dis¬ 
cussion  of  state  and  local  incentives  in  Chapter  Six. 


Training  and  Other  Costs  Related  to  Special  Requirements 

Aircraft  manufacturing  involves  a  number  of  specialized  abilities, 
and  even  newly  hired  workers  are  often  highly  skilled.  Nonetheless,' 
some  additional  training  is  required  for  new  employees  brought  on 
board  to  perform  JSF  FACO  operations.  Training  time  and  costs  will 


XeMS  state  data  we  found  at  http://www.twc.state.tx.us/customers/rpm/rpmsub3. 
html  (last  accessed  May  30, 2002);  California  data  are  at  http://www.calmis.c^wnet 
gov;  and  Georgia  data  are  at  http:// www.dol.state.ga.us. 

Because  of  restrictions  on  how  data  are  reported,  some  wages  are  unavailable  at  the 
county  or  MSA  level.  In  these  cases,  either  statewide  data  were  used  or  reasonable 
assumptions  were  made  based  on  comparisons  of  other  wages. 
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vary  by  specific  job  certification  requirements,  but  Lockheed  Martin 
estimates  an  average  of  24  hours  of  training  are  required  for  a  new 
worker,  at  a  cost  of  about  $1,000  per  employee.  We  investigated 
whether  certain  aspects  of  JSF  FACO,  such  as  the  application  of  spe¬ 
cial  finishes  to  enhance  the  low-observable  properties  of  the  JSF, 
would  require  special  skills  that  would  introduce  new  training 
requirements  for  FACO  workers.  According  to  Lockheed  Martin 
management,  however,  JSF  FACO  operations  do  not  require  special 
or  unusual  training  beyond  what  is  accomplished  for  F-16  FACO. 

Another  issue  for  the  JSF  is  how  other  special  requirements  relating 
to  stealth  could  add  to  the  cost  of  the  workforce.  For  example,  if  the 
application  of  some  finishes  or  engineering  adjustments  involved 
classified  procedures  or  information,  more  workers  would  require 
background  checks  to  obtain  security  clearances.  Conducting  FACO 
at  multiple  locations  would  increase  the  requirement  for  cleared 
workers.  Lockheed  Martin  reported  that  the  FACO  assembly  line 
would  be  structured  to  limit  access  to  classified  areas  so  that  the 
number  of  personnel  needing  clearances  would  be  reduced.  But 
even  a  line  structured  to  minimize  the  number  of  classified  workers 
could  still  require  up  to  20  percent  of  the  FACO  workers  to  have 
clearances  (as  we  also  report  in  Chapter  Eight).  Both  Lockheed 
Martin’s  Fort  Worth  and  Marietta  facilities  have  an  adequate  number 
of  cleared  workers  who  could  be  transferred  to  the  JSF  as  their  other 
work  declines.  Palmdale  has  a  large  number  of  cleared  workers 
employed  by  both  Lockheed  Martin  and  by  Northrop  Grumman,  as 
well  as  many  others  holding  clearances  from  previous  aircraft 
manufacturing  experience.  At  all  locations,  obtaining  sufficient 
numbers  of  appropriately  cleared  workers  is  considered  a  man¬ 
ageable  task  with  the  necessary  lead  time  for  background  checks. 
Hence,  finding  cleared  workers  and  obtaining  clearances  is  not 
expected  to  be  an  expense  that  would  affect  the  potential  locations 
differently,  and  expenses  related  to  them  have  not  been  included  in 
the  cost  analysis. 

Workers'  Compensation  Costs 

Another  source  of  labor  cost  variation  is  workers’  compensation. 
This  cost  is  included  in  fringe  rates,  which  are  often  uniform  across 
sites.  The  magnitude  of  these  costs  is  not  significant,  on  the  order  of 
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a  couple  hundred  dollars  a  year  per  employee.  For  Lockheed  Martin, 
they  are  about  twice  as  expensive  in  Palmdale  as  they  are  at  Fort 
Worth  and  Marietta. 

Special  Costs  Related  to  Different  Locations 

According  to  Lockheed  Martin,  a  “9/80”  work  schedule  was  imple¬ 
mented  at  the  Fort  Worth  plant  in  April  2000.  It  is  available  to 
salaried  employees,  some  represented  employees,  and  contract  labor 
personnel.  This  schedule  allows  individuals  to  adjust  their  work 
hours  in  a  two-week  period  so  that  they  complete  80  hours  of  work  in 
nine  days  and  have  the  Friday  of  the  second  week  as  an  additional 
day  off.  This  is  an  extremely  popular  benefit  among  those  eligible  for 
it,  and  there  is  interest  in  expanding  it  to  more  workers,  but  Lock¬ 
heed  Martin  expressed  concern  that  attempting  to  do  so  in  California 
would  increase  FACO  costs.  California  Assembly  Bill  No.  60,  which 
took  effect  in  January  2000,  requires  work  done  in  excess  of  an  8- 
hour  day  or  in  excess  of  a  40-hour  week  to  be  compensated  at  a  rate 
of  1.5  times  the  worker’s  regular  pay.^  Lockheed  Martin  estimates 
that  if  the  9/80  work  schedule  were  implemented.  Bill  No.  60  could 
result  in  an  average  of  $2,000  in  overtime  per  year  for  each  employee. 
However,  the  law  allows  alternative  work  schedules,  such  as  9/80 
without  overtime  payments,  if  they  are  approved  by  two-thirds  of  the 
affected  workers.  According  to  managers  at  Palmdale,  this  approval 
has  been  obtained,  and  the  new  schedule  will  apply  not  only  to  cur¬ 
rent  employees,  but  also  to  any  new  workers  hired.  In  the  event  that 
workers  vote  to  withdraw  their  approval,  the  plant  would  return  to  a 
normal  schedule  with  an  8-hour  day  and  40-hour  week. 

Costs  Related  to  Mandated  Benefits  for  Employees 

Employers  might  be  required  to  provide  certain  services  either 
because  of  state  or  local  legislation  or  as  the  result  of  local  labor 
union  agreements.  Such  services  do  not  appear  to  be  a  factor  in  JSF 
FACO  labor  costs.  In  general,  rather  than  mandating  services  (such 


^The  text  of  Chapter  134  of  the  bill  can  be  found  at  http://www.usc.edu/dept/ 
engineering/efc/issues/pdf/ab_60_bill_1999072 l_chaptered.pdf  (last  accessed  May 
30, 2002). 


JSF  Workforce  Issues  57 


as  child  care),  states  and  localities  provide  tax  incentives  for  provid¬ 
ing  them.^ 

It  is  possible  that  varying  union  pressure  to  provide  services  could 
affect  costs  in  different  locations — Texas  and  Georgia  are  “right  to 
work"  states,  California  is  not.^  “Right  to  work"  laws  may  sometimes 
be  seen  as  part  of  a  climate  that  is  favorable  to  business,  although  it 
can  never  be  exactly  predicted  how  this  climate  will  affect  costs. 
Lockheed  Martin  employees  are  represented  by  a  union  at  all 
potential  FACO  locations,  and  the  Northrop  Grumman  workers  are 
not.  To  the  extent  that  this  is  a  factor,  it  would  be  reflected  in  over¬ 
head  costs. 

Hiring  and  Training  Incentive  Programs 

Some  states  have  legislated  incentives  for  hiring  certain  types  of 
workers  or  for  providing  training  (these  are  covered  in  detail  in 
Chapter  Six).  Firms  in  Antelope  Valley,  where  Palmdale  is  located, 
can  take  advantage  of  certain  hiring  tax  credits  that  are  applicable  to 
FACO.  These  credits  are  included  in  our  analysis.  (Other  California 
tax  credits  applicable  to  the  JSF  will  phase  out  before  the  production 
process  begins. i^)  Texas  has  no  applicable  hiring  tax  credits.  Geor¬ 
gia  does,  but  requires  firms  to  choose  among  the  hiring  credit  and 
two  investment  credits.  One  of  the  investment  credits  provided 
greater  savings  in  our  analysis,  and  hence  the  hiring  tax  credit  was 
not  included  here. 

Lockheed  Martin  estimates  that  the  cost  of  hiring  a  new  touch  labor 
FACO  worker  in  Fort  Worth  is  on  the  order  of  several  thousand  dol¬ 
lars. 


®See  State  Business  Incentives,  2000. 

®“Right  to  work”  laws  mean  that  employees  cannot  be  required  to  join  unions  at  their 
place  of  work,  although  even  nonunion  workers  are  covered  by  the  contract.  This 
weakens  the  strength  of  unions,  in  part  because  of  reduced  financial  resources  fi:om 
the  collection  of  fewer  union  dues. 

^®According  to  State  Business  Incentives  (2000,  p.  23),  the  credits  apply  to  taxpayers 
"under  initial  contract  or  subcontract  to  manufacture  property  for  ultimate  use  in  the 
Joint  Strike  Fighter.” 

^^The  exact  number  is  incorporated  into  our  cost  analysis  and  is  assumed  to  be  the 
same  across  aU  sites. 
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AVAILABILITY  OF  WORKERS 

We  have  found  that  it  will  be  little  problem  finding  workers  to  per¬ 
form  all  FACO  activities  at  any  of  the  sites  under  consideration.  If  all 
work  is  done  in  Fort  Worth,  Lockheed  Martin  expects  to  have  4,500 
people  involved  with  JSF  production  there  by  2005.  This  figure 
woidd  be  out  of  a  total  of  13,500  employees  at  the  Fort  Worth  plant 
and  would  represent  a  net  increase  of  about  2,000  jobs  over  2001 
employment  levels. xhe  number  of  people  involved  in  FACO  by 
2005,  however,  is  quite  small:  According  to  projected  staffing  esti¬ 
mates,  FACO  direct  labor  will  require  fewer  than  200  people  in  2005. 
While  direct  labor  requirements  will  steadily  increase  until  a  peak  of 
about  1,000  in  2013,  this  period  will  coincide  with  the  discontinua¬ 
tion  of  F-16  production  in  Fort  Worth,  and  many  personnel  will 
transfer  from  one  aircraft  to  the  other.  Thus,  the  number  of  new 
hires  for  FACO  operations  will  average  fewer  than  100  per  year.^^ 
Marietta,  F-22  operations  will  tail  off  at  about  the  same  time  under 
the  current  work  plan  and,  therefore,  a  similar  transfer  of  workers 
would  be  possible  at  that  site. 

RAND  independently  checked  the  availability  of  workers  at  potential 
FACO  sites  using  national  employment  data  from  the  BLS^^  and  data 
collected  by  individual  states.  Our  analysis  indicates  that,  given  cur¬ 
rent  and  projected  employment  in  FACO  related  occupations,  suffi¬ 
cient  workers  would  be  available  at  any  of  the  locations. 


^^Richard  Whittle,  “JSF  Would  Save  Lockheed  Jobs,"  Dallas  Morning  News,  August  23, 
2001,  p.  Dl.  (Lockheed  Martin  specifically  prepared  projections  for  this  article.) 

‘^Whittle,  2001. 

^'^National  employment  data  for  2000  with  projections  to  2010  can  be  found  at 
http://www.bls.gov/emp/emptab21.htm  (last  accessed  May  30,  2002).  Data  are 
updated  every  two  years.  Values  for  the  current  year  and  the  projected  year  are  given 
in  this  table,  but  values  for  intermediate  years  are  not  calculated.  Data  in  the  table  are 
presented  by  occupational  grouping,  but  without  listing  the  SOC.  Employment  data 
for  1999,  which  are  arranged  by  SOC,  can  be  found  at  http://stats.bls.gov/oes/1999/ 
oes_llMa.htm  (last  accessed  May  30, 2002). 

^^The  most  current  state  data  includes  1998  employment  with  projections  for  2008. 
This  complicated  the  study  of  employment  data  somewhat  because  before  2000,  OES 
information  was  compiled  using  a  different  classification  system,  and  the  SOC  codes 
in  Table  4.3  had  to  be  converted  into  the  old  codes  to  be  able  to  examine  employment 
projections.  The  National  Crosswalk  Service  Center  (at  http://www.state.ia.us/ncdc/) 
has  tables  that  list  the  new  codes  that  correspond  to  Ae  old  codes. 
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While  these  data  provide  a  sense  of  the  availability  of  appropriate 
workers  as  JSF  production  increases,  the  assessments  of  the  potential 
FACO  locations  should  also  be  considered.  Obviously,  Lockheed  is 
not  concerned  about  workforce  availability  in  Fort  Worth  because 
that  is  its  first  choice  for  JSF  production.  As  part  of  a  1999  study,  the 
city  of  Palmdale  argued  that  its  resident  workforce  was  more  than 
sufficient  for  all  JSF  production.i^  Lockheed  Martin  is  the  third- 
largest  employer  in  Cobb  County,  Ga.,  with  7,000  employees  engaged 
in  aircraft  design,  development,  and  production,  and  a  presentation 
to  this  study  by  the  Georgia  Department  of  Industry,  Trade,  and 
Tourism  showed  its  confidence  in  the  availability  of  sufficient  work¬ 
ers  for  FACO.^^  Finally,  during  interviews  conducted  for  another 
research  effort,  managers  involved  with  aircraft  production  in  dif¬ 
ferent  parts  of  the  country  have  indicated  that  jobs  with  Lockheed 
Martin  and  other  aircraft  prime  contractors  are  sought-after  for  their 
relatively  high  wages  and  benefits,  and  thus  hiring  workers  poses  few 
problems. 

SUMMARY 

To  determine  the  direct  labor  costs  for  each  of  the  components  of 
production  labor  in  Table  4.3,  the  cost  analysis  multiplies  the  num¬ 
ber  of  hours  of  work  on  a  yearly  basis  at  each  site  by  the  direct  labor 
rate  (the  FPRA  [Forward  Pricing  Rate  Agreement]  rate  in  2002).  Hir¬ 
ing  and  training  costs  are  included  as  described  in  Chapter  Nine. 

Although  labor  is  obviously  critical  to  JSF  FACO,  it  is  important  to 
note  that  these  costs  are  relatively  insignificant  as  a  percentage  of 
total  JSF  costs.  If  Lockheed  Martin’s  estimate  that  FACO  makes  up 
only  2  percent  of  URF  costs  holds  true,  the  FACO  direct  labor  com¬ 
ponent  will  be  something  less  than  that  2  percent.  Any  local  differ¬ 
ences  in  wages  and  benefits  for  FACO  workers  will  make  only  a  small 
contribution  to  differences  in  total  JSF  program  costs. 


^^JSF  Site  Cost-Effectiveness  Study,  study  conducted  by  SDS  International  of  Arlington, 
Va.,  for  the  city  of  Palmdale  and  the  California  Trade  and  Commerce  Agency,  June  17, 
1999. 

^^Information  provided  to  RAND  by  the  Georgia  Department  of  Industry,  Trade,  and 
Tourism,  October  2001. 

^®Cook  and  Graser,  2001. 


Chapter  Five 

INDIRECT  COSTS 


This  chapter  provides  a  brief  overview  of  the  types  of  costs  involved 
in  producing  the  JSF  for  those  unfamiliar  with  how  DoD  and  its  con¬ 
tractors  determine  and  allocate  costs  to  defense  programs.  In  par¬ 
ticular,  the  objective  is  to  describe  indirect  costs  and  then  to  describe 
how  these  costs  might  vary  across  locations  and  how  that  variance 
might  affect  JSF  FACO  costs.  Indirect  costs  are  an  important  consid¬ 
eration  in  the  final  cost  of  the  JSF  because  these  costs  normally 
constitute  more  than  half  the  costs  incurred  at  any  manufacturing 
location  for  DoD  systems. 

BACKGROUND 

Because  of  the  lack  of  a  true  commercial  marketplace  for  military  air¬ 
craft,  where  other  comparable  products  can  be  used  for  price  com¬ 
parisons,  the  production  price  paid  by  DoD  for  the  JSF  will  be  a 
negotiation  between  DoD  contract  administration  personnel  and 
those  of  Lockheed  Martin.  These  negotiations  will  be  largely  based 
on  forecast  costs  derived  by  government  cost  and  price  analysts  as 
well  as  those  of  Lockheed  Martin.  Early  in  production,  estimators 
will  use  the  actual  costs  of  other  aircraft  previously  built  and  adjusted 
for  JSF  differences  and/or  the  actual  costs  of  producing  the  JSF  SDD 
aircraft — again,  adjusted  for  differences  in  content  between  devel¬ 
opment  and  production  aircraft,  DoD  and  its  contractors  for  most 
military-unique  products  follow  this  process.  Over  the  years,  a 
complex  categorization  of  the  various  types  of  costs  involving  mili¬ 
tary  production  has  evolved  so  that  the  government  and  its  contrac- 
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tors  can  use  this  categorization  to  expedite  the  negotiations  on  final 
prices  for  military  systems. ^ 

The  first  major  division  of  these  costs  is  into  two  categories  called 
"direct"  and  “indirect”  costs.  Direct  costs  are  those  that  can  be  asso¬ 
ciated  directly  with  the  development  and/or  production  of  a  specific 
DoD  system,  including  such  items  as  direct  labor  (engineering,  tool¬ 
ing,  manufacturing,  etc.)  and  direct  materials  (which  may  range  from 
unprocessed  basic  materials  to  complete  assemblies).  The  viewpoint 
taken  in  this  report  is  from  the  prime  contractor's  perspective,  but 
each  intermediate  manufacturer  goes  through  the  same  categoriza¬ 
tion  when  it  converts  material  into  final  products,  which  may  be 
subassemblies  for  use  in  the  next  higher  level  of  manufacturing. 
Direct  costs  are  accounted  for  and  tracked  in  the  contractor's 
accounting  system  to  a  specific  system  being  developed  or  manufac¬ 
tured  for  DoD. 

Indirect  costs  are  those  not  easily  identifiable  with  a  specific  system 
or  those  that,  because  they  represent  relatively  small  sums,  may  not 
justify  separate  tracking  to  a  specific  system.  These  indirect  costs  are 
generally  further  subdivided  into  two  major  categories:  overhead 
costs  and  general  and  administrative  (G&A)  expenses.  Overhead 
costs  are  those  that  are  indirectly  related  to  an  area  of  development 
or  production  and  include  such  items  as  electrical  power;  deprecia¬ 
tion;  heating,  ventilation,  and  air  conditioning  (HVAC);  computer 
services;  and  employee  fringe  benefits.  Corporations  often  further 
subdivide  overhead  into  areas  identifiable  to  a  function— engineer¬ 
ing  overhead,  manufacturing  overhead,  etc.  G&A  expenses  cover 
activities  related  more  to  the  overall  functioning  of  the  corporation, 
with  little  identifiable  relationship  to  specific  development  or  manu¬ 
facturing  operations.  Included  in  G&A  are  the  salaries  of  corporate 
officers,  the  cost  of  operating  a  corporate  headquarters,  independent 
research  and  development,  and  bid  and  proposal  costs.  This  discus¬ 
sion  implies  that  the  division  between  the  various  cost  categories 
would  be  the  same  with  all  DoD  contractors;  but  in  reality  this  cate¬ 
gorization  varies  somewhat  among  DoD  contractors,  between  sites 


^Two  excellent  sources  of  information  on  the  categorization  of  DoD  costs  are  Indirect- 
Cost  Management  Guide:  Navigating  the  Sea  of  Overhead  by  the  Defense  Systems 
Management  College  (DSMC)  and  the  Defense  Acquisition  Deskbook  at  http://webl. 
deskbook.osd.mil. 
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of  the  same  contractor,  and  even  at  the  same  location  over  time — so 
direct  comparisons  of  these  costs  is  difficult  at  best. 

If  one  company  were  developing  and  manufacturing  only  one  DoD 
system  at  one  location,  all  costs  could  be  considered  direct  costs 
because  any  costs  incurred  by  that  company  would  be  directly 
related  to  that  system.  Thus,  whether  a  cost  is  direct  or  indirect 
would  be  a  theoretical  discussion  because  all  costs  could  be  billed  to 
that  one  program.  Such  a  case  is  rare  because  most  contractors 
develop  and  produce  several  DoD  systems  at  more  than  one  location 
or  may  produce  both  military  and  commercial  systems  or  may  pro¬ 
duce  items  for  Foreign  Military  Sales.  One  might  ask  whether  it 
would  be  easier  for  DoD  to  just  pay  the  costs  annually  at  specific 
locations  where  only  DoD-related  activity  took  place,  rather  than 
going  through  a  complex  cost  determination  and  allocation  process. 
Many  arguments  could  be  offered  for  keeping  the  current  allocation 
process,  but  the  strongest  is  that  it  provides  the  best  visibility  into  the 
individual  costs  of  various  DoD  programs  so  that  senior  decision¬ 
makers  and  Congress  have  the  most  accurate  cost  information 
related  to  DoD  programs. 

Because  indirect  costs  are  not  readily  identifiable  with  a  specific 
product,  some  system  of  allocating  these  costs  among  DoD  pro¬ 
grams,  as  well  as  to  commercial  programs,  is  required.  This  is  an 
important  issue  because  indirect  costs  are  normally  larger  than  the 
direct  costs  incurred  at  a  manufacturing  plant.  The  first  step  in 
developing  an  allocation  scheme  is  to  organize  the  indirect  costs  into 
cost  ''pools,”  which  relate  to  the  direct  function  supported.  For  ex¬ 
ample,  all  indirect  costs  forecast  to  be  incurred  by  a  company  related 
to  its  manufacturing  function  would  be  categorized  into  a  manufac¬ 
turing  cost  pool.  Next,  some  basis  of  allocation  among  programs  is 
determined.  The  most  commonly  used  allocation  method  is  one 
related  to  a  direct  expense,  such  as  direct  labor  hours.  The  total 
overhead  costs  divided  by  the  basis  of  allocation  produces  an  over¬ 
head  rate.  Thus,  if  a  company  forecasts  it  will  incur  $100  million 
annually  in  the  manufacturing  overhead  account  and  also  forecasts 
that  it  will  use  1  million  manufacturing  hours,  the  manufacturing 
overhead  rate  would  be  $100  per  hour.  If  a  specific  program  were 
projected  to  use  250,000  manufacturing  hours,  it  would  be  billed  for 
$25  million  of  overhead  costs. 
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Indirect  costs  have  a  fixed  and  variable  component.  The  fixed  part  of 
these  costs  does  not  change  over  the  short  run.  For  example,  depre¬ 
ciation  on  a  plant  would  not  change  whether  the  production  activity 
were  relatively  high  or  low  because  depreciation  is  normally  based 
on  the  original  cost  and  the  passage  of  time.  The  variable  part  of 
overhead  costs  changes  by  activity  level.  An  example  of  this  might  be 
employee  fringe  benefits  or  electrical  power  consumption.  With 
high  production  output,  increased  fringe  benefit  costs  would  result 
from  larger  numbers  of  employees  working  on  the  program,  or 
greater  usage  of  machines  and  test  equipment  would  result  in  higher 
electrical  consumption.  By  their  nature,  indirect  costs  tend  to  have  a 
larger  fixed  component  compared  with  the  variable  portion.  These 
costs  vary  by  location,  not  only  in  the  magnitude  of  the  total,  but  also 
the  fixed  and  variable  components. 

Annually,  DoD  auditors  and  contract  administrators  go  through  a 
process  to  develop  FPRAs,  which  involve  detailed  analyses  of  direct 
and  indirect  costs  incurred  in  the  past  and  forecast  to  be  incurred  in 
the  future.  FPRAs  are  expressed  in  terms  of  a  dollars-per-allocation 
basis — again,  normally  direct  labor  hours.  These  rates  are  often 
termed  “wrap"  rates  because  an  hour  of  labor  used  to  produce  a  DoD 
system  would  include  the  wages  of  the  worker,  the  overhead  costs  of 
supporting  the  worker,  and  an  element  of  the  G&A  expense.  The 
total  number  of  units  in  the  basis  of  allocation  (direct  labor  hours  or 
some  other  factor)  at  a  facility  is  often  termed  the  “business  base"  to 
reflect  the  level  of  activity  at  a  location.  Generally,  several  rates 
reflect  the  different  direct  cost  activities;  therefore,  a  location  might 
have  an  engineering  rate,  a  tooling  rate,  a  manufacturing  rate,  etc. 

Because  the  indirect  costs  have  a  large  fixed  component,  one  way  to 
minimize  the  costs  of  a  program  is  to  produce  the  greatest  number  of 
goods  possible  at  a  specific  location  (maximize  its  business  base), 
thus  spreading  the  overhead  costs  over  as  many  systems  or  units  as 
possible.  In  the  defense  industry  today,  production  rates  are  low 
compared  with  capacity.  DoD  is  continually  pressuring  defense  con¬ 
tractors  to  lower  their  overhead  costs  to  keep  the  FPRAs  under  con¬ 
trol,  in  some  cases  by  closing  facilities.  Few,  if  any,  locations  in  the 
United  States  producing  DoD  systems  are  anywhere  near  maximum 
production  capacity.  (One  might  take  this  argument  to  its  logical 
extreme  and  ask  whether  DoD  should  require  its  defense  contractors 
to  produce  all  of  their  work  at  a  single  site.  However,  “diseconomies 
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of  scale”  may  arise.  These  occur  when  the  sheer  size  of  the  facility 
and  amount  of  work  performed  there  become  too  large  to  be 
properly  managed.) 

EFFECT  OF  INDIRECT  COSTS  ON  JSF  FACO  LOCATION 

A  prime  objective  of  this  study  is  to  determine  what  the  costs  to  DoD 
would  be  if  the  business  base  resulting  from  FACO  activities  were 
spread  to  more  than  one  location.  At  the  first  level  of  analysis,  it 
seems  that  the  rates  at  Fort  Worth  would  increase  because  the  same 
fixed  costs  would  be  spread  over  a  smaller  business  base  if  some  JSF 
business  base  were  moved  elsewhere.  This  would  increase  the  cost 
of  the  JSFs  assembled  at  Fort  Worth,  as  well  as  increase  the  costs  of 
other  DoD  programs  at  the  facility.  Theoretically,  if  some  portion  of 
FACO  were  moved  out  of  the  Fort  Worth  plant,  the  FPRAs  would  rise 
because  the  indirect  costs  would  have  to  be  covered  by  less  direct 
activity.  However,  if  the  FACO  business  base  were  moved  to  another 
Lockheed  Martin  location  where  DoD  programs  were  being  con¬ 
ducted,  the  FPRAs  at  that  location(s)  should  be  reduced  due  to  the 
addition  of  the  JSF  FACO  business  base.  Thus,  the  DoD  programs 
manufactured  at  either  (or  both)  Palmdale  or  Marietta  could  be 
decreased  by  such  a  movement  of  business  base.  This  reduction 
would  be  at  least  partially  offset  by  added  overhead  costs  at  Palmdale 
or  Marietta  for  such  costs  as  new  facilities,  equipment,  and  environ¬ 
mental  compliance  costs.  New  site  overhead  rates  would  be  calcu¬ 
lated  as  follows: 

existing  overhead  costs  +  additional  FACO  overhead  costs 
existing  business  base  +  FACO  business  base. 

One  of  the  key  questions  in  the  analysis  of  creation  of  more  than  one 
FACO  site  is  whether  moving  some  or  all  of  the  FACO  business  base 
from  the  Lockheed  Martin  Fort  Worth  plant  to  another  DoD  produc¬ 
tion  location  would  change  the  total  cost  of  JSF  FACO  and  the  total 
costs  of  other  DoD  programs.  In  other  words,  would  the  negative 
effect  on  the  rates  and  DoD  programs  at  Fort  Worth  by  reducing 
FACO  activity  be  offset  by  the  positive  effect  on  the  rates  and  pro¬ 
grams  by  increasing  activity  at  another  Lockheed  Martin  location?  As 
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the  analysis  in  Chapter  Ten  will  show,  moving  the  FACO  activity  from 
Fort  Worth  has  a  tangible  effect  on  total  overhead  costs. 

RAND  has  investigated  the  overhead  rates  at  the  four  potential  loca¬ 
tions,  gathering  as  much  specific  data  as  possible.  Specifics  are  not 
releasable  because  overhead  rates  are  proprietary  to  the  companies. 
The  link  between  FACO  activities  and  overhead  rates  at  the  different 
sites  has  been  incorporated  into  the  model.  Thus,  the  RAND  analysis 
estimates  the  total  impact  on  all  DoD  programs  (including  JSF)  at 
Fort  Worth  and  alternative  sites  by  incorporating  the  puts  and  takes 
of  this  business  base  at  the  sites  by  adjusting  forecast  rates  at  each 
location  under  several  production  scenarios.  This  analysis  provides 
a  more  accurate  assessment  of  JSF  FACO  options  in  terms  of  the  total 
DoD  costs  involved  (see  Chapter  Ten  for  details). 


Chapter  Six 

STATE  AND  LOCAL  TAX  CREDITS  AND  INCENTIVES 


When  making  the  decision  on  where  to  locate  production  activities, 
firms  often  consider  state  tax  credits  and  state  and  local  incentives. 
This  chapter  addresses  these  economic  development  activities,  along 
with  a  discussion  of  state  and  local  taxes.  Because  tax  credits  and 
incentives  are  generally  taken  as  reductions  to  tax  liabilities,  they 
must  be  understood  in  the  context  of  the  broader  tax  climate  of  the 
location.  We  briefly  discuss  the  historical  use  of  tax  credits  and 
incentives  to  set  the  stage  for  the  discussion  of  these  issues  with  par¬ 
ticular  reference  to  JSF  FACO. 

Also  in  this  chapter,  we  describe  the  specific  tax  and  business  incen¬ 
tives  that  would  affect  the  costs  of  JSF  FACO  in  Texas,  California,  and 
Georgia.  We  collected  data  from  a  number  of  sources  in  support  of 
this  analysis  and  gathered  the  tax  information  and  program  descrip¬ 
tions  from  the  economic  development  offices  in  these  states,  from 
state  Web  sites,  and  from  published  sources.  We  also  contacted 
Lockheed  Martin  and  Northrop  Grumman  and  local  DCMA  offices  to 
learn  about  participation  in  these  programs. 

Tables  6. 1-6.3  summarize  the  major  taxes  and  incentive  programs 
that  would  apply  to  FACO  at  the  three  potential  locations  of  Fort 
Worth,  Marietta,  and  Palmdale.  The  applicable  tax  liabilities  and 
savings  from  economic  development  programs  are  incorporated  into 
RAND  cost  estimates. 


State  Taxes  and  Their  Impact  on  JSF  FACO 
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(expires  in  2005)  franchise  (state  expire  before  FACO  qualified  property  cost  model  because  it 

income)  tax  liability  activities  begin)  (used  50%  of  the  time  will  expire 

or  more  in  activities  to 
manufacture  the  JSF) 
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STATE  AND  LOCAL  ECONOMIC  DEVELOPMENT 

State  and  local  governments  regularly  provide  customized  assistance 
to  individual  firms.  Over  the  past  30  years,  every  state  and  almost  all 
metropolitan  areas  have  expanded  the  size  and  scope  of  economic 
development  programs — i.e.,  those  meant  to  induce  businesses  to 
locate  (or  remain)  in  their  state  or  locality.  Bartik  (1991)  describes 
three  waves  in  this  expansion.  The  first  wave,  occurring  in  the  1950s- 
1970s,  included  mainly  financial  assistance,  such  as  tax  relief  or  sub¬ 
sidizing  business  research.  Before  the  1970s,  U.S.  state  and  local 
governments,  particularly  in  the  South,  developed  financial  pro¬ 
grams  to  aggressively  recruit  manufacturing  branch  plants  firom  the 
North. 

Recessions  and  industrial  restructuring  during  the  1970s  and  1980s 
led  states,  during  the  second  wave,  to  a  significant  expansion  of 
financial  programs  and  included  nonfinancial  incentives  to  start-up 
businesses,  small  businesses,  and  existing  businesses.  State  and 
local  governments  cut  back  on  many  of  these  programs  because  of 
budgetary  shortfalls  from  the  1990-1991  recession.  In  addition,  crit¬ 
ics  of  development  programs  argued  that  little  evidence  of  the  effec¬ 
tiveness  of  state  and  local  economic  development  programs  could  be 
found,  in  part  because  these  programs  only  directly  benefited  a  rela¬ 
tively  small  number  of  businesses. 

The  third  wave,  in  the  1990s,  saw  state  and  local  governments  out¬ 
sourcing  many  development  activities.  Rather  than  having  govern¬ 
ments  pay  100  percent  of  the  costs  of  providing  services  to  selected 
businesses,  private  or  quasiprivate  companies  provided  economic 
development  with  state  or  local  governments’  guidance  and  subsi¬ 
dies. 

Effectiveness  of  Development  Programs 

Today,  state  and  local  governments  use  these  programs  to  compete 
with  other  states  or  localities  for  increased  jobs  in  their  jurisdictions. 
More  jobs  are  expected  to  bring  such  benefits  as  lower  local  unem¬ 
ployment  and  increased  wages,  property  values,  profits  for  local 
businesses,  and  tax  revenues — and  reelection  for  the  politicians  who 
successfully  attract  new  businesses. 
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The  traditional  economic  view  of  state  and  local  economic  develop¬ 
ment  programs  is  that,  at  best,  they  have  no  national  benefit  and,  at 
worst,  they  are  contrary  to  the  national  interest.^  There  are  three 
parts  to  this  argument.  First,  fi*om  a  national  perspective,  state  and 
local  economic  development  programs  are  thought  to  be  a  zero-sum 
game:  one  area’s  benefits  from  gaining  jobs  are  matched  by  another 
area’s  costs  from  losing  jobs.  Second,  more  locally,  the  programs 
have  little  effect  on  the  growth  of  a  small  region  because  state  and 
local  taxes  are  too  small  a  percentage  of  business  costs  to  affect  busi¬ 
ness  growth  decisions,  especially  because  these  taxes  are  deductible 
from  federal  income  tax.  Third  and  most  important,  competition  for 
jobs  may  lead  to  a  “race  to  the  bottom”  that  worsens  the  income  dis¬ 
tribution  by  lowering  business-tax  revenue  and  public  expenditure 
levels. 

Not  all  economists  agree  with  the  standard  view.  For  example,  Bren¬ 
nan  and  Buchanan  (1980)  suggest  that  the  total  size  of  government 
would  be  excessive  in  the  absence  of  intergovernmental  tax  compe¬ 
tition.  More  recently,  Bartik  (1991)  argues  that  economic  develop¬ 
ment  can  provide  benefits,  although  these  may  not  greatly  outweigh 
the  costs.  Programs  are  not  zero-sum  if  they  provide  jobs  in  de¬ 
pressed  areas,  where  new  jobs  add  most  to  overall  nation^  economic 
welfare.  Bartik  also  points  out  that  even  small  production  cost  dif¬ 
ferentials  could  be  decisive  in  business  location  decisions  if  states 
and  metropolitan  areas  are  close  substitutes. 

STATE  AND  LOCAL  TAXES  IN  CALIFORNIA,  GEORGIA, 

AND  TEXAS 

Each  state  has  a  unique  combination  of  tax  instruments  that  vary  by 
rates,  bases,  and — given  that  local  governments  may  also  tax 
businesses — by  locality.  State  governments  typically  tax  a  portion  of 
corporate  net  income  based  on  the  presence  of  that  firm  in  the  state. 
Local  governments  typically  tax  sales  and  property  in  their  jurisdic¬ 
tions.  In  some  states,  property  is  also  taxed  at  the  state  level. 

To  assess  the  impact  of  taxes  on  different  FACO  strategies,  we  exam¬ 
ined  the  state  and  local  tax  rates  and  bases  at  the  three  potential 


^See,  for  example,  Oates,  1972;  Zodrow  and  Mieszkowski,  1986;  and  Wilson,  1986. 
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FACO  locations.  Major  taxes  affecting  FACO  would  be  the  state 
corporate  income  or  franchise  tax,  state  and  local  sales  and  use  tax, 
and  state  and  local  property  tax. 2  A  summary  of  the  relevant  taxes  for 
the  three  states  is  presented  in  Table  6.1. 


State  Franchise  and  Corporate  Income  Taxes 

Generally,  states  tax  net  income  earned  in  that  state.  The  rules  for 
determining  taxable  income  base  vary  by  state  according  to  appor¬ 
tionment  formulas  that,  for  companies  operating  in  more  than  one 
state,  determine  income  earned  in  that  state  and  state-specific 
deductions  for  business  expenses  and  credits.  Table  6.1  shows  the 
state  franchise  tax  rates  for  California,  Georgia,  and  Texas.  Corpora¬ 
tions  in  Texas  are  taxed  the  greater  of  0.25  percent  of  net  taxable 
capital  and  4.5  percent  of  net  income  derived  in  Texas.^  (In  most 
years,  Lockheed  Martin  has  paid  Texas  franchise  taxes  according  to 
the  net  income  calculation.)  Georgia’s  corporate  income  tax  rate  is 
slightly  higher,  at  6  percent,  while  California  has  the  highest  fran¬ 
chise  taxes  of  the  three  states,  at  8.84  percent. 

Property  Taxes 

States  and  localities  may  impose  taxes  on  the  assessed  value  of  real 
and  tangible  “personal”  property.'^  Property  taxes  are  determined  by 
tax  rates  and  assessment  values  that  vary  by  location.  In  general, 
business  personal  property,  such  as  machinery,  equipment,  and 
inventory,  are  assessed  according  to  cost  less  depreciation.  The 
value  of  real  property,  such  as  land  and  buildings,  is  determined  by 
local  appraisers  according  to  the  sales  of  comparable  properties.^ 
Because  we  do  not  have  data  on  comparable  property,  we  assume 
that  the  taxable  value  for  property  for  FACO  is  the  cost  less  deprecia¬ 
tion. 


^The  employer’s  share  of  workers’  compensation  is  included  in  the  fringe  rates, 

^Taxable  capital  is  a  corporation’s  state  capital  (capital  stock)  plus  surplus.  Surplus 
means  the  net  assets  of  the  company  minus  its  members’  contributions. 

^Businesses  face  tangible  "personal”  property  taxes  for  all  property  that  is  not  “real” 
property,  which  includes  land  and  improvements  to  land. 

^In  California,  growth  in  assessments  is  limited  to  2  percent  per  year. 
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Texas  has  no  state  property  tax.  Furthermore,  because  the  Lockheed 
Martin  site  in  Fort  Worth  is  in  a  federal  enclave  within  AFP  4,  it  is 
exempt  from  local  property  taxes  on  its  equipment.  In  California,  the 
property  tax  is  effectively  a  statewide  tax.®  The  state,  city,  county, 
and  school  districts  all  tax  property  in  Georgia.  Each  government 
entity  uses  a  different  tax  rate  and  assessment  ratio.  Table  6.1 
reports  the  tax  rates  for  each  locality. 

AFP  4  in  Texas  is  exempt  from  property  taxes.  Property  in  Marietta  is 
taxed  at  an  effective  rate  $12.01  per  $1,000  or  1.201  percent  of 
assessed  market  value.  However,  real  property  on  AFP  6  is  exempt 
from  Georgia  property  taxes.  Property  at  the  Palmdale  location  is 
taxed  at  1.1  percent  of  assessed  market  value.  In  most  states,  like 
Texas  and  Georgia,  the  property  for  FACO  activities  that  would  be 
located  on  government-owned  plants  would  not  be  subject  to 
property  taxes.  However,  California  taxes  the  “possessory  interests,” 
the  value  of  government-owned  property  that  is  used  by  contractors. 
The  tax  rate  and  base  are  the  same  as  if  the  property  were  privately 
owned.  As  will  be  discussed  in  the  description  of  the  cost  analysis  in 
Chapter  Nine,  property  taxes  on  existing,  privately  owned  property 
are  already  included  in  the  overhead  and  are  therefore  addressed  in 
the  base  rates  in  the  cost  model.  Property  taxes  on  new  property  for 
FACO  are  included  in  the  calculation  of  the  new  effective  overhead 
rates. 

Sales  and  Use  Taxes 

Although  sales  taxes  are  collected  at  the  time  of  purchase  on  goods 
and  services,  these  taxes  are  not  assessed  on  goods  for  which  the  title 
is  passed  to  the  government  before  use.  Our  analysis  assumes  that 
all  manufacturing  tooling  and  equipment  purchased  exclusively  for 
the  JSF  will  be  owned  by  DoD  and  not  subject  to  sales  or  use  taxes. 
Therefore,  these  items  are  not  eligible  for  sales  or  investment  tax 
credits.”^  There  may  be  some  non-JSF-specific  facilities,  tooling,  and 


^Voters  in  local  communities  can  increase  property  taxes  with  a  two-thirds  majority 
override  referendum. 

^Sales  taxes  are  applied  to  gross  receipts  from  retail  sales  of  tangible  personal  prop¬ 
erty.  Use  taxes  complement  sales  taxes.  They  are  applied  at  the  same  rate  as  the  sales 
tax  for  goods  and  services  not  subject  to  the  sales  tax,  such  as  out-of-state  or  Internet 
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equipment  purchased  for  FACO  that  could  be  used  in  nongovern¬ 
mental  programs.  These  items  would  be  subject  to  sales  or  use  taxes 
(as  well  as  property  taxes)  and  would  be  contractor- owned.  How¬ 
ever,  these  could  qualify  for  tax  credits. 

TAX  CREDITS  AND  DEDUCTIONS 

State  taxes  cannot  be  evaluated  alone  without  understanding  the 
state  tax  benefits  and  state  and  local  incentives  offered  to  attract 
business.  Generally,  these  are  taken  as  a  reduction  in  taxes,  so 
merely  looking  at  the  tax  rates  fails  to  provide  a  complete  picture  of 
these  costs  of  doing  business. 

State  and  Local  Economic  Development  Programs 

All  three  states  use  development  programs  to  a  greater  or  lesser 
extent  to  recruit  businesses  to  relocate  or  expand  in  their  jurisdic¬ 
tion.  The  states  offer  both  tax  credits  and  business  incentives  to 
firms  in  general;  in  specific  industries,  such  as  manufacturing;  and  in 
regions  or  enterprise  zones.  Of  the  three  states,  Texas  offers  the 
least- extensive  tax  credits  and  incentives  applicable  to  JSF  FACO 
activities,  while  California  has  the  most  generous  package. 

Texas 

Limited  development  programs  are  available  to  Lockheed  Martin  in 
Texas.  Most  of  the  incentive  programs  in  Texas  are  targeted  to 
encourage  development  in  rural  areas,  strategic  investment  areas,  or 
enterprise  zones.  The  Fort  Worth  site  is  not  eligible  for  many  fran¬ 
chise  tax  credits  because  it  is  not  in  these  targeted  areas.  Texas 
established  franchise  tax  credits  for  research  and  development  con¬ 
ducted  anywhere  in  the  state.  However,  little  research  relating  to 
FACO  is  expected  during  the  production  phase  of  the  JSF  program. 
Thus,  these  credits  would  not  apply  to  FACO  activities  under  study 
here. 


purchases.  Total  state  and  local  sales  taxes  are  8.25  percent  in  Palmdale,  5.00  percent 
in  Marietta,  and  8.25  percent  in  Fort  Worth. 
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The  Fort  Worth  site  is  in  a  federal  enclave  and  is  exempt  from  the 
local  property  taxes  (the  current  local  property  tax  rate  for  Tarrant 
County  is  $2.64  per  $100).  Thus,  our  model  does  not  include  any 
property  tax  liability  for  Lockheed  Martin  in  Texas.  Manufacturing 
equipment  is  exempt  from  sales  and  use  tax  in  Texas. 

Georgia 

Georgia  directs  economic  development  toward  counties  in  most 
need  of  economic  growth.  To  determine  need,  the  state  ranks  coun¬ 
ties  and  census  tracts  into  four  economic  tiers  according  to  the 
unemployment  rate,  per-capita  income,  and  percentage  of  residents 
below  the  poverty  level.  The  Lockheed  Martin-Marietta  site  is  in 
Cobb  County,  which  is  ranked  as  a  Tier  4  county.  Counties  with  this 
ranking  have  the  lowest  unemployment  rates,  fewest  poor  residents, 
and  highest  per-capita  income. 

Tier  4  Credits.  Job  Tax  Credit.  Firms  may  reduce  franchise  taxes  by 
$750  for  each  new  job  created  if  the  jobs  total  25  or  more  and  the  new 
jobs  are  held  by  residents  in  Cobb  County.  Credits  are  allowed  for 
new  full-time  employee  jobs  for  five  years  in  years  two  through  six 
following  the  creation  of  the  jobs.  In  Tier  4  counties,  the  total  credit 
amount  may  offset  up  to  50  percent  of  the  state  income  tax  liability 
in  a  taxable  year. 

Investment  Tax  Credit.  This  credit  is  based  on  the  same  tiers  as  the 
job  tax  credit  program.  The  program  allows  existing  manufacturing 
to  obtain  a  credit  against  corporate  income  tax  liability.  Companies 
in  Cobb  County  must  invest  $50,000  to  receive  a  1 -percent  tax  credit. 
The  credit  increases  to  3  percent  for  recycling,  pollution  control,  and 
defense  conversion  activities. 

Optional  Investment  Tax  Credit.  Firms  in  Cobb  County  that  qualify 
for  the  investment  tax  credit  and  invest  at  least  $20  million  may 
choose  this  credit  instead.  The  credit  may  be  claimed  for  10  years, 
provided  the  qualifying  property  remains  in  service  throughout  that 
period.  The  credit  is  cdculated  based  on  a  three-year  tax  liability 
average.  The  annual  credits  are  then  determined  using  this  base- 
year  average.  The  credit  available  to  the  taxpayer  in  any  given  year  is 
the  minimum  of:  (1)  the  90  percent  of  the  increase  in  tax  liability  in 
the  current  taxable  year  over  that  in  the  base  year;  or  (2)  the  excess  of 
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the  aggregate  amount  of  the  credit  allowed  over  the  sum  of  the 
amounts  of  credit  already  used  in  the  years  following  the  base  year. 

Limitations.  Firms  may  only  take  advantage  of  one  of  these  three 
programs.  According  to  our  analysis,  the  investment  tax  credit  is 
likely  to  yield  the  largest  savings.  Hence,  it  is  included  in  the  cost 
analysis. 

Manufacturing  Machinery  and  Computer  Sales  Tax  Exemption. 
These  are  exempt  from  sales  and  use  tax  in  Georgia. 

California 

The  California  legislature  offers  an  aggressive  set  of  tax  credit  and 
business  incentive  programs  to  attract  firms  involved  in  aerospace 
manufacturing.®  This  includes  the  statewide  Manufacturers' 
Investment  Credit,  Research  and  Development  Credits,  and  Enter¬ 
prise  Zone  programs.  There  are  also  tax  credits  directed  specifically 
to  the  JSF,  but  these  will  expire  before  the  production  phase  of  the 
program  starts,  and  are  not  expected  to  be  renewed. 

Antelope  Valley  Enterprise  Zone  Development  Programs.  Califor¬ 
nia's  enterprise  zone  programs  allow  companies  that  are  within  any 
of  the  39  designated  zones  incentives  and  programs  not  available  to 
businesses  outside  of  the  zones.  The  Lockheed  Martin  and  Northrop 
Grumman  sites  at  Palmdale  are  located  in  the  Antelope  Valley  Enter¬ 
prise  Zone  (AVEZ)  and  would  be  eligible  for  many  of  the  programs. 
The  AVEZ  was  created  in  1997  for  a  15-year  period,  and  thus  would 
expire  in  2012 — ^in  the  middle  of  JSF  FACO.  The  legislation  allows  for 
a  single  five-year  extension  if  certain  qualifications  are  met.  The 
California  legislature  is  considering  extending  these  enterprise  zone 
programs  by  five  years  for  a  total  of  20  years.  Given  this  history,  we 
assume  the  enterprise  zone  will  be  renewed  and  therefore  include 
these  credits  in  our  analysis  up  to  2017. 


®In  a  1999  report,  the  city  of  Palmdale  and  the  California  Trade  and  Commerce  Agency 
investigated  the  cost  savings  from  California’s  economic  development  programs.  This 
study  reported  substantial  program  savings,  but  did  not  report  on  tax  liabilities  in  Cali¬ 
fornia.  Most  of  the  programs  would  not  apply  to  production  (City  of  Palmdale  £ind  the 
California  Trade  and  Commerce  Agency,  1999). 
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State  Hiring  Tax  Credit.  Firms  located  in  the  AVEZ  may  reduce  fran¬ 
chise  taxes  by  a  proportion  of  annual  wage  costs  per  qualified  worker 
for  the  first  60  months  that  the  worker  is  on  the  job.  Qualified  work¬ 
ers  must 

•  Spend  at  least  90  percent  of  their  time  on  activities  related  to 
businesses  within  the  AVEZ 

•  Perform  at  least  50  percent  of  the  work  within  the  AVEZ 

•  When  hired,  fall  into  one  of  several  targeted  groups  of  workers, 
including  veterans,  displaced  workers  from  military  installation 
closures,  and  certain  other  unemployed  workers. 

The  credit  is  a  percentage  of  the  smaller  of  the  actual  hourly  wage 
paid  or  150  percent  of  the  minimum  wage,  which  is  $6.75  an  hour. 
Actual  wages  paid  to  aircraft  workers  far  exceed  150  percent  of  the 
minimum  wage,  so  the  amount  based  on  the  minimum  wage  would 
apply.  The  credit  starts  at  50  percent  of  the  qualified  wages,  and 
declines  to  40  percent  the  second  year,  30  percent  in  the  third  year, 
20  percent  in  the  fourth  year,  10  percent  in  the  fifth  year,  and  then 
disappears.  Assuming  no  change  in  the  minimum  wage,  the  maxi¬ 
mum  benefit  per  worker  would  total  $31,590  over  five  years.  RAND 
received  three  estimates  of  the  number  of  workers  that  would  qualify 
for  this  credit.  We  used  the  average,  20  percent  (which  also  was  the 
median  number)  for  both  companies  operating  in  Palmdale. 

Business  Expense  Deductions.  All  firms  in  the  AVEZ  can  deduct  the 
cost  of  qualifying  business  equipment,  furniture,  and  fixtures  (or 
other  depreciable  personal  property)  as  a  business  expense  in  the 
year  they  are  placed  into  service.  The  maximum  deduction  is  the 
lesser  of  40  percent  of  the  cost  of  the  qualified  property  or  $20,000 
per  year.  We  assume  the  maximum  deduction  of  $20,000  per  year. 
Property  must  be  used  within  the  enterprise  zone. 

Net  Operating  Loss  Carryover.  Firms  in  the  AVEZ  may  carry  50  per¬ 
cent  of  a  loss  forward  from  one  tax  year  to  the  next  to  offset  income 
in  the  following  years.  As  it  is  difficult  to  predict  future  business 
losses,  no  credit  for  this  program  is  given  in  our  analysis. 

Other  Major  Statewide  Development  Programs.  Manufacturing 
Investment  Credit.  The  Manufacturing  Investment  Credit  (MIC)  is  a 
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credit  that  can  reduce  a  company’s  California  franchise  taxes.  This 
credit  allows  all  manufacturers  to  deduct  6  percent  of  manufacturing 
equipment  costs  and  also  allows  aerospace  manufacturers  to  extend 
the  credit  to  special-purpose  buildings  and  foundation  costs  and 
capitalized  labor  costs  that  are  directly  applicable  to  the  construction 
of  manufacturing  equipment  or  special-purpose  buildings.  To  be 
eligible  for  the  credit,  firms  must  have  paid  California  sales  taxes  or 
use  taxes  on  the  equipment  purchases.  The  MIC  may  be  claimed  in 
addition  to  any  enterprise  zone  franchise  tax  credits. 

Research  and  Development  Credit.  California  also  provides  firms 
supporting  research  conducted  in  the  state  a  credit  of  11  percent  for 
research  done  in  house  and  24  percent  for  basic  research  payments 
to  another  entity.  For  fixed-price  contracts,  only  a  percentage  of 
excess  research  costs  would  be  allowable.  This  credit  would  not 
apply  to  the  FACO  activities  because  most  or  all  research  relating  to 
FACO  will  be  conducted  during  the  program's  SDD  phase.  SDD 
activities  will  take  place  in  Texas,  and  therefore  this  tax  credit  is  not 
included  in  our  analysis. 

JSF  Tax  Credits.  In  1998,  the  California  Assembly  passed  Assembly 
Bill  2797,  which  created  two  new  tax  credits — the  JSF  Directed  Wage 
Credit  and  JSF  Directed  Property  Tax  Credit — that  would  allow  Lock¬ 
heed  Martin  and  other  California-based  subcontractors  that  manu¬ 
facture  components  for  ultimate  use  in  the  JSF  program  to  deduct 
some  wage  and  investment  costs  from  franchise  taxes.  The  JSF 
Directed  Wage  Credit  would  provide  a  credit  against  franchise  taxes 
for  direct  labor  costs  for  each  employee  who  is  at  least  90  percent 
directly  related  to  manufacturing  property  for  ultimate  use  in  the  JSF. 
In  2001,  the  first  year  of  the  program,  firms  could  take  a  credit  equal 
to  the  lesser  of  $10,000  or  50  percent  of  a  qualified  employee’s  annual 
wages.  The  allowable  percentage  declines  10  percent  each  year  with 
the  maximum  allowable  credit  at  $50,000  for  wages  in  2005.  The  JSF 
Directed  Property  Tax  Credit  would  also  apply  toward  franchise 
taxes.  This  is  a  credit  for  10  percent  of  the  cost  of  qualified  property 
used  to  manufacture  or  assemble  the  JSF,  including  the  labor  and 
materials  required  to  manufacture,  assemble,  and  install  the  prop¬ 
erty.  Qualified  property  includes  tangible  personal  property  used  50 
percent  of  the  time  or  more  in  activities  to  manufacture  property  for 
ultimate  use  in  the  JSF  and  the  value  of  any  capitalized  labor  costs 
that  are  direct  costs  allocable  to  manufacturing  activities  for  the  JSF. 
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Both  of  these  credits  expire  January  1,  2006.  Any  unused  credit  may 
be  carried  forward  until  exhausted.  To  date,  legislation  has  not 
extended  these  deadlines  and  thus  these  credits  would  not  apply  to 
FACO  activities.  Staff  at  the  California  Franchise  Tax  Board  indicate 
that  they  consider  it  unlikely  that  these  credits  will  be  extended. 
Hence,  the  credits  are  not  included  in  our  analysis. 

SUMMARY 

Comparing  the  economic  development  programs  across  the  states,  it 
is  clear  that  California  offers  the  most  aggressive  economic  develop¬ 
ment  program  for  aerospace  manufacturing.  However,  total  tax 
liabilities  are  greater  in  California  than  in  Georgia  or  Texas.  It  is 
RAND's  assessment  that  these  benefits  would  not  entirely  offset 
these  higher  taxes. 


Chapter  Seven 

ENVIRONMENTAL  COSTS 


This  chapter  discusses  the  primary  environmental  costs  related  to 
FACO  and  estimates  the  expense  of  addressing  them.  We  estimate 
the  environmental  costs  for  four  sites:  three  Lockheed  Martin  sites 
(Fort  Worth,  Palmdale,  and  Marietta)  along  with  the  Northrop  Grum¬ 
man  site  in  Palmdale. 

Environmental  issues  have  a  relatively  small  cost  effect  on  FACO  for 
three  reasons.  First,  even  though  aircraft  manufacturing  uses  many 
toxic,  highly  volatile  or  inflammable  materials  and  processes  that  can 
generate  environmental  concerns,^  most  of  these  materials  and  pro¬ 
cesses  are  used  during  parts  fabrication  rather  than  FACO,  the  focus 
of  this  report.  Second,  the  four  sites  under  consideration  are  already 
involved  in  aircraft  production  in  one  way  or  another.  Thus,  many  of 
the  environmental  issues  have  already  been  addressed,  with  the 
required  permits  obtained  and  remediation  equipment  installed. 
FACO  operations  raise  environmental  issues  only  to  the  extent  that 
current  facilities  do  not  address  them.  For  example,  if  painting  can 
be  done  in  an  existing  facility,  new  emissions-control  technology 
might  not  need  to  be  installed.  Furthermore,  because  aircraft  pro¬ 
duction  already  goes  on  at  these  sites,  intangible  costs  from  such 
things  as  community  activism  are  less  likely. 

Three  types  of  FACO  activities  are  significant  from  an  environmental 
management  perspective:  aircraft  painting,  engine  runs,  and  accep¬ 
tance  tests — ^1  of  which  primarily  produce  air  and/or  noise  pollu¬ 
tion.  Air  emissions  include  volatile  organic  compounds  (VOCs)  and 


^EPA,  1998;  Salomon  and  Sterner,  1999. 
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hazardous  air  pollutants  (HAPs)  during  paint  operations;  nitrogen 
oxides  (NOx),  VOCs,  and  HAPs  during  engine  test;  and  noise  pollu¬ 
tion  during  engine  run  and  acceptance  tests. 

Other  environmental  issues  must  be  resolved.  However,  they  are 
much  less  significant  for  FACO  activities  than  they  are  for  fabrication 
and  subassembly  and  thus  impose  a  smaller  cost  burden.  These 
issues  include  hazardous  material  handling,  storage,  and  disposal; 
petroleum,  oil,  and  lubricant  handling,  storage,  and  emergency 
response;  explosives  storage  and  emergency  response;  health  and 
safety,  including  standard  hearing  protection  and  health  and  safety 
training;  and  wastewater  treatment.  As  will  be  discussed  below, 
however,  the  costs  associated  with  these  nonair  environmental 
issues  are  not  expected  to  vary  significantly  across  sites. 

Costs  fall  into  two  categories:  tangible  and  intangible.  The  former 
refers  to  direct  costs  associated  with  environmental  issues — e.g., 
installing  new  air-purification  equipment  in  a  paint  facility  to  meet 
state  or  national  environmental  standards.  Intangible  costs  refer  to 
such  things  as  responding  to  community  activism,  which  can  impose 
a  real  cost,  for  example,  by  delaying  production.  Within  the  tangible 
cost  category,  there  are  also  two  types  of  costs:  recurring  and  nonre¬ 
curring. 

We  first  discuss  the  sources  of  regulated  emissions  as  they  relate  to 
JSF  FACO  operations.  We  then  turn  to  costs,  both  tangible  and  in¬ 
tangible. 

EMISSIONS  SOURCES 
Air  Emissions 

Final  paint  operations  during  FACO  generate  regulated  air  emissions. 
VOCs  and  HAPs,  regulated  under  the  Clean  Air  Act,  are  emitted  from 
the  sealing,  painting,  depainting,  bonding,  and  finishing  processes 
from  material  storage,  mbdng,  application,  drying,  and  cleaning. 
Organic  solvents  are  used  as  carriers  for  the  paint  or  sealant  and  as 
chemical-coating  removers.  In  the  past,  aerospace  paints  and  coat¬ 
ings  have  been  solvent-based  and  thus  have  contained  high  concen- 
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trations  of  VOCs.^  According  to  our  conversations  with  the  JSF  Pro¬ 
gram  Office  and  Lockheed  Martin,  the  JSF  design  has  two  features 
that,  if  successfully  utilized,  will  reduce  VOC  emissions.  First,  the  use 
of  applique  coating  will  reduce  the  amount  of  painting  required  (at 
the  time  of  this  writing,  the  amount  of  applique  that  will  be  used  is 
undetermined,  but  it  is  expected  that  at  least  some  painting  will 
occur).  Second,  more -extensive  use  of  aqueous-based  paints  and 
low- VOC  coatings  will  lead  to  lower  emissions.  A  preliminary  Lock¬ 
heed  Martin  estimate  of  VOC  emissions  is  0.105  tons  per  aircraft, 
based  on  analogy  to  the  F-16.  (If  appropriate  applique  or  low-VOC 
paints  and  improved  application  procedures  are  developed  before 
production  begins,  these  emissions  could  be  reduced.)  Such  HAPs  as 
toluene,  xylene,  methyl-ethyl-ketone,  and  methyl-isobutyl-ketone 
are  present  as  well.  According  to  Lockheed  Martin  data,  HAP  emis¬ 
sions  per  aircraft  are  likely  to  be  on  the  order  of  50-75  percent  of  VOC 
emissions  or  0.053-0.079  tons  per  aircraft.  The  other  source  of  air 
emissions  is  running  the  engines,  which  generates  NOx,  hydrocar¬ 
bons,  particulate  matter,  and  carbon  monoxide.  The  JSF  engine,  cur¬ 
rently  in  development,  is  a  derivative  of  the  Pratt  &  Whitney  FI  19 
engine,  and  these  emissions  rates  are  not  releasable  at  this  time. 
Therefore,  the  Lockheed  Martin  estimates  of  emissions  use  the  F-15's 


Table  7.1 

Total  Annual  Air  Emissions  Estimates  for  a  Maximum  Production  Rate  of 
17  Aircraft  per  Month  (in  tons  per  year) 


Operation 

VOCs 

NOx 

PM 

CO 

Total 

Hydro¬ 

carbons 

Paint“ 

21.42 

0.00 

0.00 

0.00 

0.00 

Engine  test*’ 

0.80 

15.11 

0.93 

4.32 

0.81 

“Assuming  a  maximum  rate  of  204  aircraft  per  year  and  based  on  an  analogy  to  the 
F-16  paint  system,  60  gallons  of  two-part  polyurethane  coatings. 

Assuming  a  maximum  rate  of  7  uninstalled  and  204  installed  engines  per  year  and  the 
F-15  FlOO-PW-229  engine  emissions  rates. 


^EPA,  1998;  Salomon  and  Sterner,  1999. 
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FlOO-PW-229  engine  emissions  rates, ^  likely  test  times,  and  power 
settings.  Estimates  of  JSF  air  emissions  by  activity  appear  in  Table 
7.1. 


Noise 

Engine  and  aircraft  flight  tests  make  substantial  noise,  which  is  regu¬ 
lated  through  local  ordinances  and  Occupational  Safety  and  Health 
Administration  (OSHA)  regulations.  Typically,  local  ordinances  cov¬ 
ering  nuisance  noise  will  restrict  flight  operations  by  location,  dura¬ 
tion,  and  time  of  day.  OSHA  standards  cover  allowable  exposures, 
the  use  of  personal  protective  gear,  and  other  noise-mitigation  mea¬ 
sures. 

The  JSF  engines  will  not  make  substantially  more  noise  than  other 
aircraft  tested  at  the  three  sites.  During  the  CDP,  the  FI  19  engine 
near-field  (less  than  100  ft)  noise  levels  were  comparable  to  legacy 
aircraft  (F-16,  F-18,  AV-8B).  The  far-field  (more  than  1,000  ft)  noise 
levels  were  considerably  less  using  JSF  flight  profiles.  These  data 
imply  that  FACO  activities  will  not  significantly  affect  community 
acceptance  of  the  JSF  program  in  terms  of  noise  issues. 

Other  Environmental  Issues 

Other  environmental  issues  that  crop  up  during  FACO  are  wastewa¬ 
ter  treatment,  hazardous  materials  handling,  hazardous  waste  treat¬ 
ment  and  disposal,  fuel  handling,  and  explosives  storage  and  han¬ 
dling. 

Wastewater  treatment  will  be  necessary  because,  during  surface 
preparation,  cleaning,  and  coating,  solvents  may  be  rinsed  into  wash 
waters  or  spilled  into  floor  drains.  According  to  Lockheed  Martin, 
the  cleaning  of  paint  booths  will  generate  a  nominal  amount  of 
wastewater — about  1,000  gallons  per  month  when  production  is  at 
the  maximum  rate  of  17  aircraft  per  month— a  fraction  of  the  overall 
wastewater  generated  at  the  sites  each  month,  which  may  total  as 
much  as  1  million  gallons. 


^The  FlOO-PW-229  engine  used  on  the  F-15  is  similar  in  size  and  thrust  to  the  FI  19 
engine,  a  derivative  of  which  will  be  developed  for  the  JSF. 
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Hazardous  materials  are  normally  present  in  sealants  (although 
Lockheed  Martin's  sealants  are  nonhazardous),  adhesives,  petro¬ 
leum  products  and  synthetic  lubricants  and  fuels,  cooling  and 
deicing  fluid,  and  batteries.  Inorganic  coatings  containing  haz¬ 
ardous  materials,  such  as  chromium  and  cadmium,  might  also  be 
used.  (Lockheed  Martin’s  current  plans  for  the  JSF  include  the  use  of 
chromium-free  primers  and  no  chrome  or  cadmium  plating  unless 
there  is  no  other  technologically  equivalent  material  available.)  In 
addition,  various  solid  and  liquid  wastes,  including  waste  solvents, 
blast  media,  paint  chips,  and  spent  equipment,  may  be  generated 
throughout  painting  operations  (and  spot- depainting  to  the  extent 
this  is  performed  in  FACO).  Painting  can  generate  solid  wastes  from 
overspray  caught  by  emissions-control  devices — e.g.,  paint  booth  fil¬ 
tration  systems,  depainting  if  necessary  during  rework  (spent  blast 
media,  chips,  and  paint  sludge),  paint  equipment  and  bay  cleanup 
operations,  and  paint  disposal.  Used  petroleum  and  synthetic  solids 
and  fluids  are  hazardous  wastes  and  must  be  treated  and  disposed 
according  to  Resource  Conservation  and  Recovery  Act  standards. 
Lockheed  Martin  states  that  it  recycles  these  materials  wherever 
possible  to  minimize  the  hazardous  waste  stream.  Again,  however, 
most  of  these  materials  are  likely  to  be  used  during  fabrication; 
Lockheed  Martin  estimates,  by  URF  cost,  that  2  percent  of  all  haz¬ 
ardous  materials  used  during  manufacture  will  be  used  during 
FAC0.4 

FACO  operations  also  involve  safety  issues  related  to  explosives 
handling  and  storage  capability  for  those  explosives  used  in  the  ejec¬ 
tion  seat.  Aircraft  operations  will  necessitate  fuel  storage  and  spill- 
response  capability.  Most  of  these  issues  are  covered  under  DoD 
regulations  and  safety  standards  and  require  facilities  and  equip¬ 
ment.  Lockheed  Martin  has  stated  that  it  anticipates  no  significant 
changes  will  be  required  to  address  ISF  FACO  compared  with  legacy 
FACO  operations. 

In  sum,  ail  of  these  issues  are  expected  to  involve  relatively  minimal 
expense  and  management  time  during  FACO.  Most  of  the  hazardous 
material  handling  and  surface  preparation  or  priming  will  occur  dur¬ 
ing  fabrication  and  minor  assembly.  Therefore,  while  the  estimated 


^Discussions  with  Scott  Fetter,  Lockheed  Martin,  JSF  ESH  WBS  5460  Lead,  2001. 
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FACO  portion  of  these  costs  is  included  in  our  analysis,  a  detailed 
analysis  of  the  costs  and  potential  variability  across  sites  (also  antici¬ 
pated  to  be  minimal)  was  not  performed. 


ENVIRONMENTAL  COMPLIANCE  COSTING  APPROACH 
Background 

Environmental,  health,  and  safety  costs  include  all  the  recurring  and 
nonrecurring  activities  associated  with  planning,  permitting,  and 
National  Environmental  Policy  Act  (NEPA)  analysis;  community  re¬ 
porting;  employee  training;  hazardous  material  handling;  wastewater 
treatment;  disposal  fees;  operations  safety;  employee  health  moni¬ 
toring;  fire  hazards;  and  pollution  prevention  that  may  occur  during 
the  life-cycle  phase  of  interest  (in  this  case,  FACO). 

The  1995  Defense  Authorization  Act,  Section  815,  requires  environ¬ 
mental  cost  analysis  to  be  included  in  the  overall  life-cycle  cost 
analysis  of  all  major  defense  acquisition  programs.  Acquisition 
Regulation  DoD  5000.2R  requires  these  costs  be  included  in  life-cycle 
estimates  and  also  requires  a  programmatic  environmental,  safety, 
and  health  evaluation  (PESHE).  The  PESHE  describes  the  program 
managers’  strategy  for  meeting  environmental  health  and  safety  re¬ 
quirements,  establishes  responsibilities,  and  identifies  how  progress 
will  be  tracked.  DoD’s  Cost  Analysis  Improvement  Group  (CAIG) 
guidance  for  program  office  estimates  is  that  they  must  contain 
environmental  costs  including  pollution  prevention,  compliance, 
remediation,  restoration,  conservation,  litigation,  liability,  added 
management  or  overhead,  operations  and  maintenance,  and  demil¬ 
itarization  and  disposal.  However,  environmental  costs  do  not  need 
to  be  separated  unless  they  are  a  significant  cost  or  risk  to  life-cycle 
costs. 

According  to  the  Air  Force  Materiel  Command's  Environmental, 
Safety,  and  Health  Cost  Analysis  Guide,  the  environmental-associated 
costs  during  acquisition  are  a  minimal  part  of  the  total  life-cycle 
environmental  cost  (EER  Systems,  1998).  From  a  total  life-cycle  cost 
point  of  view,  the  operations  phase  has  much  more  significant  impli¬ 
cations  (in  large  part  because  of  its  duration)  for  DoD  than  manufac¬ 
turing  activities.  This  is  not  to  belittle  the  importance  of  planning 
and  assessing  environmental  issues  during  acquisition.  Careful 
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planning  and  analysis  is  necessary  for  smooth  and  timely  operations 
and  to  ensure  that  no  costly  delays  occur.  In  a  1995  DSMC  survey  of 
118  weapon  system  programs,  70  percent  of  the  programs  responded 
that  environmental  issues  had  an  impact  on  their  program,  and  63 
percent  stated  that  their  programs  were  affected  in  two  or  more 
ways.  Most  of  the  effects  were  detrimental:  Reports  cited  increased 
cost  (76  mentions),  followed  by  schedule  delays  (38),  degraded  sys¬ 
tem  performance  (10),  and  inability  to  meet  system  requirements  (6) 
as  the  most  common  (Noble,  1995,  Table  12-3,  unnumbered  pages). 

Despite  these  effects,  detailed  information  on  the  environmental 
portion  of  weapon  systems  costs  is  not  generally  available.  Particu¬ 
larly  during  acquisition,  these  costs  are  most  often  included  in  over¬ 
head  and  are  not  easily  disentangled.  Moreover,  historically  these 
costs  have  not  been  identified  on  the  cost  analysis  requirements 
document.  One  Aerospace  Industries  Association  estimate  suggests 
that  between  8  percent  and  30  percent  of  a  weapon  systems’  overall 
life-cycle  cost  (which  encompasses  much  more  than  production) 
stems  from  environmental,  health,  and  safety  issues.^  Lockheed 
Martin  estimates  that  environmental  costs  associated  with  JSF  FACO 
are  a  small  fraction  of  overall  acquisition  costs. 

Environment  Cost  Estimating  Overview 

We  have  tailored  our  analysis  to  focus  on  the  major  environmental 
issue  during  FACO,  which  is  air  emissions.  There  are  differences 
across  the  potential  FACO  sites.  The  Fort  Worth  and  Marietta  sites 
are  in  “serious”  nonattainment  areas  for  ozone.^  Thus,  similar 
control  technologies  and  other  measures  to  reduce  VOC  emissions 
(contributors  to  ground-level  ozone)  will  be  required  at  both  sites. 
Palmdale  is  in  a  “severe”  nonattainment  area  for  ozone.  Thus,  this 
site  will  have  stricter  standards  placed  on  VOC  emissions  and  other 
measures.  Fort  Worth  and  Marietta  are  in  attainment  for  the  other 
criteria  pollutants;  Palmdale  is  out  of  compliance  with  California 


^AIA,  1997.  For  some  weapon  system  types,  such  as  chemical  weapons,  the  demilita¬ 
rization  and  disposal  expenses  of  the  life  cycle  can  be  quite  large. 

® "Nonattainment”  areas  are  those  regions  that  do  not  meet  the  primary  standard  for 
criteria  pollutants  established  by  the  EPA.  There  are  five  classifications  of  nonattain¬ 
ment  for  ground-level  ozone:  marginal,  moderate,  serious,  severe,  and  extreme. 
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standards  for  particulate  matter.  (See  Appendix  D  for  discussions  on 
environmental  regulations  and  air-quality  standards.) 

Other  possible  causes  for  cost  variation,  such  as  community  activism 
and  enforcement  activities,  may  influence  cost  directly  or  indirectly 
through  schedule  risk  and  operations  flexibility.  These  are  discussed 
in  detail  later  in  this  chapter.^ 

Aggregate-level  analyses  of  plant-siting  decisions,  as  well  as  inter¬ 
views  with  national  associations  and  several  large  corporations,  sug¬ 
gest  that  environmental  regulatory  stringency  is  a  minor  factor  in 
plant  location  decisions.® 

No  quantitative  information  is  available  on  state-to-state  differences 
in  compliance  costs,  regulatory  stringency,  or  complete  permitting 
times  and  expenses.^  The  indexes  commonly  used,  such  as  League  of 
Conservation  Voters  State  Scorecard  and  the  Free  Index,  do  not  focus 
on  cost  differences  and  mostly  represent  a  subjective  judgment  of 
political  climate,  environmental  quality  indicators,  and  regulatory 
standards.^® 


The  trend  in  the  private  sector  and  in  DoD  is  to  treat  environmental,  safety,  and 
occupational  health  issues  together.  While  the  compliance  costs  for  health  and  safety 
issues  are  included  in  our  cost  estimates,  their  likely  effect  on  FACO  location  decisions 
did  not  warrant  detailed  analysis. 

®Oates,  1998;  Gray,  1997.  We  also  gathered  data  from  personal  contacts  with  several 
large  corporations,  2001;  Ellen  Davis  of  the  National  Association  of  Manufacturers, 
2001;  and  Chuck  MacCary  of  DEALTEK,  2001.  Interviews  with  personnel  in  state 
government  and  in  DoD  support  this  conclusion  as  well. 

®Penmtting  fees  and  statutory  time  lines  are  provided  by  some  states.  However,  there 
is  no  information  on  the  true  costs  (those  that  include  administrative  expenses  borne 
by  the  company)  and  preparatory  times.  For  some  years,  the  Department  of 
Commerce  conducted  an  annual  survey  of  pollution  abatement  and  control  expendi¬ 
tures  (PACE  data).  This  survey  was  suspended  in  1994.  One  analysis  of  data,  which 
controlled  for  state  industrial  composition,  gave  counterintuitive  results  (Levinson, 
1999).  A  subsequent  conversation  with  Dr.  Levinson  indicated  these  indexes  were  too 
aggregate  a  measure  to  use  for  our  analysis.  We  also  were  concerned  that  the  full 
effects  of  the  Clean  Air  Act  Amendments  (CAAA)  were  not  represented  in  the  data. 

^^Several  indexes  have  been  cited  in  the  literature.  These  include:  Conservation  Fund 
Index,  which  evaluates  information  on  land-use  characteristics,  environmental  char¬ 
acteristics,  League  of  Conservation  Voters’  assessment  of  congressional  delegation 
voting  records,  existence  of  state  Environmental  Impact  Statement  processes,  and 
statutory  language  related  to  land  use;  Free  Index,  which  is  a  onetime  index  (1991)  of 
256  measures  of  public  policy  and  environmental  quality;  and  the  League  of 
Conservation  Voters,  which  performs  annual  scoring  of  environmental  interest  in 
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Our  research  also  suggests  that  less  variability  in  environmental 
stringency  can  be  found  across  states  compared  with  that  of  the 
1980s,  particularly  because  federal  laws  have  leveled  the  playing 
field.  However,  there  are  differences  in  the  type  of  control  technol¬ 
ogy  required  in  different  areas.  There  is  also  some  evidence  that 
nonattainment  areas  have  less  growth  in  polluting  industries,  and 
that  states  with  tougher  standards  (as  determined  by  political  climate 
and  regulatory  stringency  measures,  not  directly  by  cost)  have  fewer 
new  plants.  jn  addition,  interviewees  expressed  opinions  regarding 
the  difficulties  in  working  with  various  states  based  on  anecdotal 
information.  Finally,  the  historical  trend  in  environmental  regula¬ 
tion  has  been  toward  more- stringent  control.  While  we  expect  this 
trend  to  continue,  it  is  not  possible  to  predict  its  effect  on  required 
pollution-control  technology  and  associated  costs. 

Our  analysis  relies  heaAdly  on  information  provided  by  Lockheed 
Martin  and  Northrop  Grumman,  validated  when  possible  by  inde¬ 
pendent  sources.  As  mentioned  earlier,  environmental  costs  for 
acquisition  are  typically  included  in  overhead  accounts.  Therefore, 
disentangling  these  costs,  particularly  for  a  subset  of  production,  is 
difficult.  Furthermore,  there  is  a  dearth  of  independent  information 
readily  available,  and  collecting  such  data,  if  possible,  would  be  time¬ 
intensive  and  well  beyond  the  scope  of  this  study.^^ 

The  costs  associated  with  each  Eilternative  location  were  determined 
by  calculating  the  nonrecurring  investment  required  to  meet  envi¬ 
ronmental  standards  for  anticipated  FACO  operations  at  the  site 
combined  with  the  recurring  estimated  environmental  costs  arising 
from  FACO  operations.  Because  air  emissions  during  painting, 
coating,  rework,  and  engine  run  are  the  most  significant  environ¬ 
mental  emissions  during  FACO,  these  costs  are  identified  separately. 
Because  the  final  sites  selected  for  detailed  analyses  are  existing  air¬ 
craft-manufacturing  facilities,  uncertainty  regarding  community 


states  based  on  assessment  of  senators’  and  representatives’  voting  records  on 
national  legislation. 

l^Levinson,  1999;  Gray,  1997;  Oates,  1998. 
l^Gray,  1997. 

^^Based  on  our  review  of  the  literature  and  available  briefings,  contacts  with  major 
corporations,  and  interviews  with  staff  members  in  PA&E/CAIG,  OUSD/ES,  JSF  Pro¬ 
gram  Office,  NAVAIR,  ANG/CEV. 
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relations  (about  noise,  traffic,  etc.)  and  potential  schedule  delays  as  a 
result  of  permitting  are  less  than  they  would  be  if  the  facilities  were 
built  from  scratch  (in  greenfields,  for  example).  Assuming  the  facili¬ 
ties  remain  in  good  standing— -and  all  indications  are  that  they  will- 
each  will  likely  have  most  of  the  necessary  management  systems, 
basic  permits,  and  equipment  in  place,  mitigating  cost  variability 
and  uncertainty. 


COMPLIANCE  COSTS  FOR  AIR  EMISSIONS 

The  facilities  and  equipment  requirements  to  control  air  emissions 
are  presented  in  Table  7.2.  Table  7.3  contains  estimates  of  the  costs 
of  the  environmental  technologies.  Table  7.4  summarizes  the  air 
emissions  and  control  costs  at  each  of  the  four  sites.  Information  on 
the  special  air  environmental  control  technology  and  equipment  is 
treated  here;  facility  investment  requirements  are  addressed  in 
Chapter  Three. 

As  each  of  the  tables  indicates,  while  standard  environmental  costs 
are  associated  with  each  facility,  FACO  activities  will  trigger  regula¬ 
tions  or  costs  unique  to  the  location  of  the  facility,  based  on  state  and 
local  environmental  regulations.  Because  each  of  the  three  states 
uses  the  Clean  Air  Act  as  the  basis,  or  “floor,”  for  its  air  emissions 
regulations,  certain  regulatory  similarities  exist  in  terms  of  threshold 
values  that  each  facility  must  comply  with.  However,  permitting 
flexibility,  emissions  banking  systems,  additional  emissions  stan¬ 
dards  based  on  severity  of  nonattainment  areas,  and  state-assessed 
fees  all  could  contribute  to  increasing  or  limiting  costs  associated 
with  environmental  regulations  during  the  FACO  process. 

The  estimated  emissions  from  the  FACO  process  are  the  same  across 
the  sites.  Adding  up  across  the  different  sources  in  Table  7.2, 
assembling  and  checking  out  204  aircraft  a  year  is  expected  to  result 
in  25.1  tons  of  VOC  emissions,  15  tons  of  NOx  emissions,  and  0.9  tons 
of  particulate-matter  emissions.  These  estimates  are  based  on  past 
FACO  experiences.  If  greater  use  of  water-based  paints  occurs  or  if 
applique  is  used  extensively,  then  VOC  emissions  could  be  lower. 

Below,  we  discuss  the  findings  on  environmental  compliance  costs 
for  each  site. 


Facilities  and  Equipment  Required  to  Control  Air  Emissions 
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^Six  booths  required  for  maximum  rate  of  17  aircraft  per  month.  A  reduction  in  the  number  of  paint  booths  could  occur  with  a  pro¬ 
duction  rate  between  1 1  and  13  aircraft  per  month.  Lockheed  Martin  was  unsure  of  the  exact  breakpoint  that  would  reduce  the  num¬ 
ber  of  paint  booths  required. 

®This  incinerator  is  scaled  on  production  rate.  The  given  cost  assumes  a  facility  with  six  paint  booths. 


lary  of  Air  Emissions  and  Control  Costs 
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Fort  Worth 

The  primary  costs  at  Lockheed  Martin’s  Fort  Worth  site  are  associ¬ 
ated  with  permits  to  construct  and  New  Source  Reviews  (NSRs),  and, 
because  the  plant  is  government-owned  and  contractor-operated, 
the  requisite  NEPA  environmental  analysis  must  be  performed.  An 
NSR  is  needed  to  construct  a  hush  house,  if  required,  while  the  NEPA 
analysis  is  required  to  address  the  construction  of  the  hush  house 
and  paint  facility,  as  well  as  the  modification  of  a  historical  building 
at  the  facility.  These  nonrecurring  costs  total  $110,000.  Because  the 
Lockheed  Martin  facility  in  Fort  Worth  has  a  Flexible  Air  Permit  from 
the  state  of  Texas,  it  is  allowed  to  construct  a  new  eight-bay  paint 
facility  under  its  existing  air  permit,  provided  the  new  facility  meets 
the  control  technology  standards  as  required  by  the  permit.  It  is 
Lockheed  Martin's  assessment  that  an  NSR  will  not  be  required  for 
the  paint  facility. 

Annual  inspection  costs  to  ensure  compliance  with  air  emissions 
regulations  are  $12,500  for  the  Fort  Worth  facility  as  a  whole. 
However,  these  costs  will  be  incurred  with  or  without  FACO.  Thus, 
the  additional  inspection  and  maintenance  costs  stemming  from 
FACO  are  zero.^^ 

The  Flexible  Air  Permit  also  allows  Lockheed  Martin  to  increase  air 
emissions  up  to  a  facilitywide  cap.  Lockheed  Martin  can  emit  up  to 
372  tons  of  VOCs  per  year  without  any  additional  controls  being 
installed.  This  contrasts  with  Palmdale,  where  Best  Available  Control 
Technology  (BACT)  will  need  to  be  installed  on  a  new  or  extensively 
modified  paint  facility  even  though  emissions  remain  below  the 
facility  cap. 

Marietta 

Nonrecurring  costs  in  Marietta  are  similar  to  those  Lockheed  Martin 
would  require  at  Fort  Worth,  because  both  sites  are  government- 


I'^According  to  Lockheed  Martin,  December  20, 2001. 
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owned  and  contractor-operated  and  fall  under  NEPA  requirements.^^ 
However,  because  Georgia  does  not  offer  Air  Flexibility  Permits, 
Lockheed  Martin  assumes  an  additional  $50,000  for  NSR  of  the  paint 
facility.  Georgia’s  annual  fees  associated  with  the  Title  V  permit  are 
considerably  lower  than  those  in  Texas.  Lockheed  Martin  has 
worked  with  the  state  of  Georgia  extensively  to  streamline  its  permit¬ 
ting  process,  with  one  permit  covering  the  entire  facility.  The  fees 
must  be  paid  with  or  without  FACO,  however,  so  no  incremental 
operating  permit  costs  arises  from  FACO. 

As  is  the  case  with  Fort  Worth,  Marietta  is  in  a  serious  nonattainment 
area  and  must  offset  increases  in  emissions  once  facilitywide  emis¬ 
sions  exceed  certain  levels.  These  thresholds  are  100  tons  per  year 
for  VOCs,  50  tons  per  year  for  NOx,  and  100  tons  per  year  for  particu¬ 
late  matter.  Lockheed  Martin  reports  that,  even  with  JSF  FACO,  VOC 
emissions  will  not  exceed  the  100-ton  threshold,  thus  no  emissions 
offsets  would  be  required.  NOx  emissions  currently  exceed  the 
threshold,  so  additional  emissions  arising  from  FACO  must  be  offset. 
Emissions  can  be  offset  in  two  ways.  First,  Lockheed  Martin  can 
reduce  emissions  from  existing  sources.  This  could  be  accomplished 
by  installing  new  non-FACO  emissions-control  equipment  or  by 
reducing  non-FACO  production  at  the  site.  Second,  Lockheed 
Martin  emissions  can  be  offset  by  buying  credits  through  Georgia’s 
Emissions  Banking  Program.^^  If  Lockheed  Martin  were  unable  to 
procure  credits,  it  would  have  to  pay  $31  per  ton  of  emissions  over 
the  threshold.  Because  Lockheed  Martin  plans  to  install  new  pro¬ 
duction  technology— independent  of  FACO— that  will  reduce  NOx 
emissions  from  other  production  programs  at  the  site,^7^e  not 


According  to  Lockheed  Martin,  much  of  the  equipment  used  for  the  F-22,  such  as 
the  hush  house  and  paint  facilities,  could  be  converted  to  handle  the  JSF.  However, 
modifications  will  be  extensive  enough  to  require  new  source  review. 

l^This  emissions  banking  program  in  Georgia  is  modeled  on  the  Texas  emissions 
banking  system,  but,  unlike  in  Texas,  emissions  credits  in  Georgia  do  not  expire. 
Credits  in  Georgia  are  discounted  after  a  certain  period;  20  percent  for  VOCs  and  30 
percent  for  NOx.  At  the  Fort  Worth  facility,  the  credits  banked  must  be  used  within  60 
months  from  the  day  they  are  awarded,  if  banked  after  January  2,  2001.  Any  credits 
awarded  on  or  before  January  2, 2001,  must  be  used  within  120  months  from  the  time 
they  were  awarded  (Texas  Administrative  Code,  Title  30,  Part  1,  Chapter  101,  Subchap¬ 
ter  H,  Division  1,  Rule  §101.302[d][2]). 

^^Lockheed  Martin  is  planning  to  replace  two  old  boilers,  which  will  substantially 
reduce  NOx  emissions  at  the  site. 
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expect  Lockheed  Martin  will  need  to  buy  emissions  credits  or  pay 
fines  for  FACO  production.^® 

Lockheed  Martin-Palmdale 

The  major  difference  between  Lockheed  Martin’s  facilities  in 
Palmdale  and  its  facilities  in  Texas  and  Georgia  is  that  in  Palmdale  it 
must  install  BACT  if  a  new  paint  facility  is  constructed,  while  at  the 
other  sites  emissions  credits  can  be  used  to  offset  the  emissions  that 
would  be  eliminated  by  BACT.  BACT  must  also  be  installed  if  an 
existing  paint  facility  is  used  for  JSF  FACO  and  the  emissions-control 
equipment  is  extensively  modified.  Antelope  Valley  Air  Quality 
Management  District  (AVAQMD)  regulations  require  BACT  for 
sources  that  emit  more  than  25  lbs  of  VOC  per  day  (which  translates 
into  4.6  tons  per  year).  Emissions  from  the  paint  facility  exceed  this 
limit  based  on  experience  from  past  aircraft.  Note,  however,  that  if 
applique  or  water-based  paints  are  used  extensively,  VOC  emissions 
might  not  exceed  the  VOC  cap.  Absent  information  on  how  exten¬ 
sively  water-based  paints  or  applique  will  be  used,  we  assume  that 
VOC  emissions  will  exceed  the  BACT  requirements.  Because  we  also 
do  not  know  if  pollution-control  regulations  will  become  stricter  in 
the  next  few  years  (which  may  require  a  new  paint  facility,  in  any 
case),  this  is  a  reasonable  approach. 

Lockheed  Martin  reports  that  existing  paint  facilities  cannot  be  used 
for  FACO.  It  estimates  that  a  control  device  that  can  handle  650 
cubic  ft  per  minute  for  a  new  facility  will  cost  $20  million. Lockheed 


^®If  the  Cobb  County  region’s  air  quality  continues  to  deteriorate,  forcing  it  to  become 
a  severe  nonattainment  area,  then  the  credits  Lockheed  Martin  has  banked  would 
allow  the  company  to  continue  operation  without  immediate  increase  in  costs.  Also, 
according  to  Loc^eed  Martin  environmental  experts  and  Georgia  Air  Protection 
Branch  officials,  Lockheed  Martin  should  be  able  to  use  emission  credits  to  offset  and 
minimize  any  additional  emission  regulations  arising  from  other  future  New  Source 
Reviews  required  for  the  FACO  process  (discussions  with  Scott  Fetter,  Lockheed 
Martin,  and  Terry  Johnson,  State  of  Georgia  Department  of  Natural  Resources, 
Environmental  Protection  Division,  Air  Protection  Branch). 

^®According  to  Lockheed  Martin,  options  for  BACT  on  the  paint  facility  include  ther¬ 
mal  oxidation  (incineration),  activated  carbon  fluidized  bed,  ultraviolet/ozone,  sys¬ 
tem,  and  zeolite  rotary  concentrator,  Lockheed  Martin  reports  capital  costs  range 
from  $20-50  per  cubic  foot  per  minute  of  air  flow.  For  650,000  cubic  ft  per  minute,  this 
range  translates  into  $13.0-32.5  million.  Lockheed  Martin’s  $20  million  estimate  is 
roughly  the  midpoint  of  this  range. 
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Martin  also  estimates  that  operation  and  maintenance  costs  for  this 
control  device  will  amount  to  $2  million  per  year  (see  Table  7.2). 
These  costs  would  not  be  incurred  at  Fort  Worth  or  Marietta. 

With  respect  to  engine  noise,  NSR  will  be  required  for  the  hush  house 
if  engines  are  tested  before  installation.  Once  installed  in  the  air¬ 
craft,  the  engines  are  considered  mobile  sources  and  are  not  subject 
to  regulation  by  the  AVAQMD.  The  U.S.  Environmental  Protection 
Agency  (EPA)  sets  regulations  on  aircraft.  Lockheed  Martin  reports 
that  it  plans  to  test  seven  engines  per  year  in  the  hush  house  before 
installation.  This  testing  will  trigger  NSR;  we  include  the  costs  for 
this  in  our  analysis. 

Emissions  at  the  Palmdale  plant  exceed  the  thresholds  that  trigger 
offset  requirements  for  new  emissions.^®  The  additional  emissions 
from  the  paint  facility  and  uninstalled  engines  may  be  offset  by  using 
emissions  credits  banked  at  the  facility  or  by  buying  new  credits.  The 
Lockheed  Martin  facilities  in  the  Palmdale  area  (Plant  10  and  Sites  2 
and  7  on  AFP  42)  have  an  overall  emissions  cap  of  625  lbs  per  day 
(114  tons  per  year)  for  VOC.^i  The  cap  does  not  expire  or  depreci- 
ate.22  Current  VOC  emissions  are  far  below  the  cap,  and  the  added 
VOC  emissions  from  JSF  FACO  will  fit  under  the  cap.  According  to 
Lockheed  Martin,  existing  credits  are  also  available  to  offset  NOx 
emissions  from  uninstalled  engines.  If  credits  are  not  available  at  the 
site,  Lockheed  Martin  may  be  able  to  buy  credits  through  a  market 
for  emissions-reduction  credits.  Credits  can  be  purchased  from 
firms  or  brokerages  in  the  neighboring  South  Coast  Air  Quality 
Management  District.^^  However,  the  purchase  of  credits  is  associ¬ 
ated  with  unpredictable  risk  about  their  availability  and  price. 

Environmental  planning  and  permitting  covered  under  NEPA 
requires  an  Environmental  Assessment  (EA)  followed  by  a  more- 


the  AVAQMD,  offsets  for  new  emissions  must  be  obtained  for  facilities  emitting 
more  than  25  tons  per  year  of  VOC,  25  tons  per  year  of  NOx,  or  100  tons  per  day  of 
PMIO.  ^ 

Bret  Banks,  operations  manager,  AVAQMD,  personal  communication,  February 
2002.  ^ 

^^Alan  DeSalvio,  air- quality  engineer,  AVAQMD,  personal  communication,  February 
2002.  ^ 

^^Automated  Credit  Exchange  in  Pasadena,  Calif.,  is  an  example  of  such  a  brokerage. 
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extensive  Environmental  Impact  Statement  (EIS)  if  the  EA  indicates 
significant  issues.  Lockheed  Martin  anticipates  that  an  EA  for  Fort 
Worth  and  Marietta  will  result  in  a  Finding  of  No  Significant  Impact 
from  JSF  production's  merely  replacing  decreasing  F-16  and  F-22 
production.  An  EA  for  Palmdale  will  be  problematic  because  no 
significant  legacy  aircraft  production  offsets  the  new  environmental 
emissions  from  JSF  production.  With  the  lack  of  legacy  infrastruc¬ 
ture,  Lockheed  Martin  anticipates  conducting  both  an  EA  and  EIS, 
which  it  estimates  will  cost  $160,000. 

Northrop  Grumman-Palmdale 

At  Northrop  Grumman' s  Palmdale  facility  (Sites  3  and  4  on  AFP  42)  a 
building  has  been  permitted  as  a  paint  facility  and  is  currently  used 
for  depainting.  Northrop  Grumman  reports  that  it  could  move  the 
depainting  to  another  building  and  use  the  first  building  for  FACO 
painting.  Using  a  building  already  permitted  for  painting  would 
mean  that  Northrop  Grumman  would  not  need  to  install  BACT.  The 
company  estimates  that  it  will  cost  $10  million  to  install  depainting 
equipment  in  another  facility  on  the  site  and  to  convert  the  building 
currently  used  for  depainting  to  painting. 

There  are  two  hush  houses  on  the  Northrop  Grumman  site  that 
could  be  used  for  JSF  FACO.  If  uninstalled  engines  are  tested  in 
them,  permits  must  be  obtained;  we  assume  this  will  cost  the  same 
as  reported  for  the  Lockheed  Martin-Palmdale  site.  Northrop  Grum¬ 
man  may  be  able  to  test  the  engines  at  other  nearby  facilities,  but,  for 
the  purpose  of  our  analysis,  we  assume  that  the  entire  FACO  process 
would  be  done  on  the  Northrop  Grumman  site. 

The  availability  of  a  paint  facility  on  the  Northrop  Grumman  site 
raises  the  question  of  whether  Lockheed  Martin-Palmdale  could 
lease  Northrop  Grumman  paint  facilities.  Doing  so  could  cut  roughly 
$10  million  from  the  costs  of  FACO  at  the  Lockheed  Martin-Palmdale 
site.  A  number  of  hurdles  must  be  overcome  for  Lockheed  Martin  to 
use  Northrop  Grumman  facilities,  however.  Environmental  liability 
related  to  air  and  wastewater  discharges  are  substantial.  Issues 
related  to  security  around  the  Northrop  Grumman  B-2  facilities  on 
the  site  would  have  to  be  addressed.  Finally,  there  would  be  workers' 
compensation  issues  related  to  Lockheed  Martin  personnel  working 
on  the  Northrop  Grumman  site  that  would  have  to  be  addressed.  In 
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principle,  these  issues  could  all  be  resolved,  but  resolution  is  not 
guaranteed.  Resolving  these  issues  would  take  time,  and  might  gen¬ 
erate  substantial  negotiation  costs.  In  our  analysis,  we  calculate 
costs  assuming  FACO  is  done  entirely  on  the  Lockheed  Martin- 
Palmdale  site  or  the  Northrop  Grumman-Palmdale  site,  but  cost 
savings  from  sharing  facilities  across  the  two  sites  merit  considera¬ 
tion. 

INTANGIBLE  ENVIRONMENTAL  ISSUES 

Several  other  factors  may  ultimately  affect  environmental  compli¬ 
ance  costs  and  schedule  at  the  site,  but  the  relationship  to  cost  is 
neither  clear  nor  direct.  These  factors  include  the  level  of  commu¬ 
nity  activism  and  acceptance,  overall  regulatory  atmosphere  (which 
includes  innovation,  complexity,  industry  and  government  coopera¬ 
tion,  and  flexibility),  and  enforcement  aggressiveness. 

Community  Activism 

Community  activism  has  delayed  and  even  terminated  projects  in 
the  past.  Therefore,  it  is  important  to  assess  how  the  community 
accepts  its  corporate  neighbor  and  whether  the  corporation  engages 
and  informs  the  public  about  environmental  concerns  or  projects  the 
company  is  undertaking  that  could  change  the  surrounding  envi¬ 
ronment. 

Lockheed  Martin  has  taken  an  active  role  in  all  three  communi¬ 
ties  and  reportedly  has  worked  hard  to  maintain  good  corporate- 
pvernment  relations  as  well  as  good  community  relations.  Such  an 
investment  in  community  relations  has  paid  off  in  support  for  the  JSF 
program  in  each  community.  Data  and  interviews  with  local  officials 
and  journalists  have  confirmed  this  assessment.  At  all  three  poten¬ 
tial  locations,  environmental  activism  directed  toward  the  activities 
undertaken  or  the  indirect  consequences  of  these  activities — e.g., 
increased  noise,  air  pollution — was  negligible.  For  example,  the  Air 
Force  is  rectifying  contaminated  groundwater  in  Palmdale.  Despite 
these  environmental  problems  and  the  public  concern  over  the 
safety  of  the  drinking  water,  there  seems  to  be  no  publicly  perceived 
linkage  to  the  envisioned  JSF  FACO  process  and  existing  groundwa¬ 
ter  contamination  issues.  Moreover,  AFP  42,  which  includes  North- 
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rop  Grumman,  has  established  an  environmental  issues  board  that 
addresses  potential  environmental  concerns  of  the  community. 
Through  this  board,  the  plant  has  been  able  to  establish  a  good  rela¬ 
tionship  with  the  community.  In  Texas,  Lockheed  Martin  has  also 
maintained  a  solid  civic  relationship  with  the  Fort  Worth  commu¬ 
nity.  Conversations  with  the  chairman  of  the  Sierra  Club's  Dallas- 
Fort  Worth  chapter  and  other  activists  connected  with  the  environ¬ 
mental  conditions  of  the  area  were  all  positive  about  Lockheed 
Martin’s  relationship  with  the  community  over  the  past  decades.  In 
Marietta  and  the  surrounding  areas,  jet  noise  associated  with  the 
Lockheed  Martin  aircraft  manufacturing  facility  has  not  been  an 
issue  since  Lockheed  began  manufacturing  aircraft  there  over  50 
years  ago.  In  fact,  the  only  type  of  complaint  involving  noise  during 
that  time  has  involved  Air  National  Guard  jets  flying  over  residential 
areas. 

Regulatory  Atmosphere 

States  vary  in  the  way  they  regulate  environmental  practices  beyond 
what  is  required  on  the  federal  level,  as  well  as  in  the  complexity  of 
the  environmental  regulations.  States  where  sites  are  being  consid¬ 
ered  have  different  regulatory  atmospheres  that  could  affect  costs  for 
the  overall  FACO  process.  Texas  and  Georgia  state  regulations,  for 
the  most  part,  are  consistent  with  federal  environmental  regulations, 
which  have  established  a  floor  for  environmental  compliance. 
California  has  enacted  environmental  regulations  that,  in  many 
cases,  go  beyond  federal  requirements  to  contend  aggressively  with 
the  pollution  problems  the  state  currendy  faces. 

The  complexity  of  environmental  regulations  is  a  factor  because  the 
more  complex  an  environmental  regulatory  program,  the  greater  the 
opportunities  for  failure  or  mistakes  on  the  part  of  companies  trying 
to  comply.  Theoretically,  regulatory  complexity  could  affect  costs  of 
the  overall  FACO  process  because  achieving  or  maintaining  compli¬ 
ance  with  stringent  or  complex  state  environmental  regulations 
might  lead  to  significant  fines  or  temporary  plant  shutdown.  The 
number  of  permits  required  at  each  of  the  sites  being  considered 
reflects  the  complexity  of  the  regulations  in  each  state.  Lockheed 
Martin-Palmdale  currently  has  172  air  permits  for  its  site,  compared 
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With  2  at  the  company's  site  in  Fort  Worth  and  13  at  Marietta. 
Northrop  Grumman  has  45  permits  in  Palmdale.24 

While  California  tends  to  have  additional  and  more-complex  regula¬ 
tions  than  either  Texas  or  Georgia,  Lockheed  Martin’s  and  Northrop 
Grumman’s  longtime  presence  in  the  Antelope  Valley  and  under¬ 
standing  of  these  regulations  should  help  them  avoid  any  of  the 
aforementioned  challenges  posed  by  a  more-complex  regulatory 
environment.  In  Georgia  and  Texas,  the  levels  of  resources  invested 
and  systems  implemented  by  Lockheed  Martin  for  addressing  envi¬ 
ronmental  issues  and  its  good  relations  with  state  enforcement 
agencies  mean  that  regulatory  problems  will  most  likely  not 
adversely  affect  the  company  in  terms  of  plant  shutdowns  or  lead  to 
significant  additional  costs  incurred  associated  with  violations. 

Another  way  for  a  company  to  address  challenges  posed  by  state 
environmental  regulations  and  compliance  requirements  is  through 
environmental  management  innovations.  An  environmental  man¬ 
agement  system  (EMS)  is  integrated  into  an  organization’s  overall 
management  process,  identifying  policies,  environmental  goals, 
measurements,  authority  structures,  and  resources  necessary  to 
achieve  compliance  with  environmental  regulations,  as  well  as  attain 
a  level  of  environmental  performance  that  goes  beyond  minimal 
conipliance.  In  some  cases,  the  state  government  works  with  com¬ 
panies  to  help  them  develop  EMSs.  Lockheed  Martin  has  operated  a 
formal  EMS  since  1992.  The  system  combines  occupational  health 
aspects  and  environmental  compliance  and  pollution  prevention.  It 
also  allows  for  the  development  of  government-corporation  com¬ 
munication  channels  to  monitor  compliance  with  regulations, 
reducing  the  risk  of  noncompliance.  Lockheed  Martin-Fort  Worth  is 
currently  certified  by  an  independent  third-party  body  to  ISO  14000 
standards.  In  1998,  Lockheed  Martin-Palmdale  declared  itself  in 
conformance  with  ISO  14001  Standard  and  maintains  a  corpo¬ 
ratewide  EMS  program.  For  both  its  Palmdale  and  Marietta  sites, 
Lockheed  Martin  is  in  the  process  of  seeking  third-party  certification 
to  the  standard.  By  2004,  ^  sites  are  anticipated  to  be  certified.^s 


^^Permit  information  is  from  DCMA  data. 

Discussion  wnth  Lockheed  Martin  environmental  personnel.  Fort  Worth  is  already 
third  party  certified.  Palmdale  is  seeking  third-party  (currently  self-certified);  Marietta 
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Enforcement  Aggressiveness 

Statutory  authority  that  allows  state  enforcement  agencies  to  assess 
penalties  varies  from  state  to  state  and  could  affect  the  amount  of  the 
penalty  and  time  it  takes  to  levy — factors  that  could  affect  cost.  Both 
Texas  and  Georgia  have  administrative  order  authority,  which  allows 
enforcement  agencies  to  fine  violators  without  pursuing  legal  action. 
California  is  in  the  midst  of  a  regulatory  reform  that  will  provide  such 
authority  to  certain  enforcement  areas.  But  currently  no  plan  exists 
to  give  administrative  order  authority  to  one  of  the  most  significant 
enforcement  agencies:  air-quality  management  districts.  A  combi¬ 
nation  of  aggressive  enforcement  and  more  legal  enforcement 
mechanisms  could  lead  to  a  more  drawn-out  penalty  process  if  vio¬ 
lations  are  significant.  Enforcement  authority  could  also  affect  fre¬ 
quency  of  inspections  because  enforcement  authorities  in  states 
without  administrative  order  authority  are  less  inclined  to  make 
numerous  visits  if  their  only  recourse  to  achieve  compliance  or 
assess  fines  is  through  the  courts.^^  Based  on  its  experience  with 
Lockheed  Martin,  California  has  tended  to  follow  this  pattern,  with 
more-aggressive,  but  less -frequent,  site  inspections  than  the  Fort 
Worth  or  Marietta  site.  However,  given  Lockheed  Martin’s  ability  to 
comply  with  state  and  local  environmental  regulations,  aggressive 
enforcement  should  not  be  an  issue. 

SUMMARY 

From  the  perspective  of  environmental  costs,  the  primary  difference 
between  the  sites  is  the  cost  of  controlling  air  emissions.  Air  pollu¬ 
tion  is  worse  in  the  Palmdale  area  than  it  is  in  Fort  Worth  or  Marietta, 
and  more- stringent  air  pollution  control  equipment  is  required  in 
Palmdale.  VOC  emissions  during  the  FACO  painting  process  are  the 
major  source  of  concern.  No  existing  paint  facilities  at  the  Lockheed 
Martin-Palmdale  site  can  be  used  for  FACO.  The  emissions-control 
technology  required  on  a  new  paint  facility  would  cost  an  estimated 
$20  million  to  install  and  $2  million  per  year  to  operate  and  main- 


is  also  seeking  third-party  certification.  Within  two  years,  all  sites  will  be  third-party 
certified. 

26gA0,  2000,  p.  40. 
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tain.  These  costs  need  not  be  incurred  at  Fort  Worth  or  Marietta. 
Existing  paint  facilities  are  available  at  the  Northrop  Grumman  site, 
so  new  air  pollution  control  equipment  would  not  have  to  be 
installed  there.  However,  it  would  cost  an  estimated  $10  million  to 
reconfigure  existing  facilities  at  the  site  to  accommodate  FACO 
painting.  Lockheed  Martin-Palmdale  could,  in  principle,  use  North¬ 
rop  Grumman  paint  facilities,  but  a  number  of  security,  environmen¬ 
tal,  and  workplace  safety  issues  would  likely  be  difficult  to  resolve. 

If  paint  technology  or  the  use  of  appliques  for  the  JSF  evolves  over 
Ae  next  five  years  during  SDD,  currently  required  pollution  control 
investments  might  be  avoided.  However,  pollution  standards  might 
be  tightened  during  the  same  period.  We  follow  a  conservative 
approach  and  assume  that  investments  will  be  required. 

There  is  no  basis  to  prefer  one  site  over  another  based  on  community 
and  nongovernmental  organization  activism,  previous  violations,  or 
the  relations  the  facilities  have  with  the  community.  No  location  has 
environmental  costs  significant  enough  to  make  a  compelling  case 
for  not  locating  FACO  there.  Although  the  Palmdale  site  may  be  at 
somewhat  of  a  disadvantage  in  terms  of  regulatory  atmosphere  and 
enforcement  aggressiveness,  it  appears  that,  while  adding  some  risk, 
any  California-specific  issues  in  these  areas  are  manageable. 


Chapter  Eight 

OTHER  COST  FACTORS: 
STEALTH,  SUPPLIERS,  AND  ENERGY 


Many  factors  affect  the  cost  of  FACO,  but  some  have  less  effect  than 
others.  This  chapter  discusses  three  factors  that  have  only  modest 
effect  on  the  cost  of  FACO  operations:  the  low- observable  (or 
stealth)  component,  the  supplier  and  technical  support  bases  at  the 
different  locations  (including  transportation  costs  and  supplier  sup¬ 
port),  and  energy. 

JSF STEALTH 

The  shape  of  the  JSF,  special  technologies,  and  special  coatings  give 
the  aircraft  its  low- observable  characteristics.  In  this  section,  we  dis¬ 
cuss  issues  relating  to  the  cost  of  stealth  for  JSF  FACO.  Stealth  tech¬ 
nology  is  a  sensitive  and  often  classified  subject,  which  limits  the 
content  of  this  section.  This  discussion  relies  entirely  on  unclassified 
data,  including  what  is  available  in  open  literature  and  received  from 
U.S.  government  sources  and  from  Lockheed  Martin.  It  includes 
data  on  JSF  stealth  requirements  during  manufacturing  and,  more 
specifically,  during  the  FACO  process. 

An  Overview  of  the  JSF  Stealth  Requirements 

Stealth  is  a  very  important  feature  of  the  survivability  of  JSF  during 
combat.  The  need  has  been  clear  from  the  beginning  of  the  program 
and  is  specified  in  the  official  documents  laying  out  operational 
requirements  for  the  JSF:^ 


^JSF  Program  Office,  1998. 
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The  survivability  of  legacy  aircraft  against  the  projected  threats 
necessitates  allocating  large  portions  of  the  force  structure  to  the 
Suppression  of  Enemy  Air  Defenses  (SEAD)  role.  The  current  threat 
detection  systems  force  the  aircrew  into  taking  reactive  vice  proac¬ 
tive  measures.  Many  current  aircraft  must  rely  on  force  packaging 
support  assets  for  surface-to-air  missile  (SAM)  suppression  (such  as 
EA-6B)  or  external  carriage  of  [electronic  attack]  systems  for  surviv¬ 
ability.  Most  current  countermeasures  have  limited  capability 
against  advanced  threats  and  are  not  compatible  with  [low-observ¬ 
able]  aircraft.  Analysis  shows  that  conducting  a  theater  campaign 
against  a  capable  enemy  results  in  high  aircraft  attrition  and  leaves 
significant  threats  operational.  To  be  affordable  and  effective 
against  advanced  threats,  stealth  technology  must  be  designed  into 
the  basic  aircraft.  Situational  awareness  afforded  by  advanced 
avionics  will  play  a  significant  role  in  survivability. 

In  general,  aircraft  stealth  is  achieved  through  a  complicated  mix  of 
airframe  shape,  special  materials,  and  special  technologies  designed 
to  reduce  the  ability  of  the  opposition  to  detect,  track,  and  attack  the 
aircraft.  JSF  design  incorporates  the  following  features  to  achieve 
stealth: 

•  Radio  frequency  signature  control  to  minimize  susceptibility  and 
maximize  the  probability  of  survival  against  projected  radio  fre¬ 
quency  threats. 

•  Electro-optical /infrared  (EO/IR)  technology  to  minimize  sus¬ 
ceptibility  and  maximize  the  probability  of  survival  against  pro¬ 
jected  EO/IR  threats. 

•  Covert  lighting  technology  to  minimize  susceptibility  to  pro¬ 
jected  threats'  optical  and  night-vision  systems. 

•  Ability  to  eliminate,  reduce,  mask,  or  control  electronic  emis¬ 
sions  to  minimize  detection,  tracking,  or  engagement  by  a  threat 
with  minimal  degradation  to  mission  effectiveness. 

•  Ability  to  minimize  the  threat  posed  by  acoustic  tracking  sys¬ 
tems. 


i 

i 
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JSF  Airframe  Stealth  Approach  During  the  Manufacturing 
Process 

The  airframe  stealth  is  achieved  through  two  main  approaches: 
radar-absorbing  structures  (RASs)  and  radar-absorbing  material 
(RAM).  Older  stealth  aircraft,  such  as  the  F-117,  use  time-consuming 
techniques  that  have  been  superseded;  in  those  aircraft,  the  airframe 
is  almost  entirely  covered  with  RAM,  which  made  the  final  finishing 
stages  of  the  manufacturing  process  very  critical.^  The  F-22  fighter,  a 
newer  airframe,  uses  RAS  on  the  sharp  edges  around  the  wing,  tail 
surfaces,  and  body  and  spray-on  RAM  only  around  the  edges  of 
doors  and  control  surfaces.  Its  skins  are  covered  with  conductive 
metallic  coating,  which  prevents  radar  energy  from  penetrating  the 
composite  skin  and  a  top  coat  to  suppress  the  infrared  signature.^ 
This  approach  has  reduced  the  final  finishing  efforts,  but  it  still 
consumes  a  significant  part  of  FACO  labor. 

The  JSF  airframe  will  employ  a  more  innovative  approach  to  imple¬ 
ment  this  requirement,  which  should  reduce  the  effort  required 
during  the  FACO  stage.  Table  8.1  compares  the  legacy  approach  with 
the  JSF  approach.  The  JSF  stealth  approach  minimizes  the  use  of 
time-consuming  manufacturing  processes,  including  the  application 
of  radar  absorbing  sheets  of  coating  material  and  finishing  material 
that  require  long  cure  cycles.  Also,  use  of  new  design  tools  should 
allow  for  early  verification  of  assembly  of  radar  absorbing  structures. 

The  JSF  subassemblies  will  be  delivered  in  modules  with  many  of  the 
subsystems,  including  some  special  stealth  technologies,  already 
integrated.  The  goal  is  to  have  most  of  the  final  finishing  work 
accomplished  before  FACO.  During  the  manufacturing  process  of 
these  modules,  paints,  coatings,  and  sealants  will  have  already  been 
applied  at  the  detail  part  or  subassembly  stations.  In  many  cases, 
before  the  FACO  stage,  surfaces  will  be  cleaned  and  prepared,  the 
fasteners  will  be  filled  and  faired,  and  the  surfaces  will  be  sprayed. 


^Sweetman  and  Cook,  2001. 
^Sweetman  and  Cook,  2001. 
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Table  8.1 

Comparison  of  the  Stealth  Implementation  in  the 
Legacy  System  to  the  JSF  Approach 


Legacy  Systems 

JSF  Approach 

Treatment 

RAM — Sheet,  Manual  Spray 
(F-117) 

Tape— most  panels/doors 
require  high  degree  of 
alignment  (B-2  and  F-117) 
Butter— most  panels  (B-2, 
F-117,  F-22) 

Experimental  products  and 
significant  producibility 
issue  (F-117  and  B-2) 
Numerous  types  of  materials 
(B-2  more  than  450) 

No  sheet  material,  minimal 
use,  advanced  robotic  spray 
Minimal  use  of  tape,  less  labor 
intensive  process,  robotic 
application 

Minimize,  short  cure  material - 
form  in-place  gaskets 

Use  of  CAD/CAM  tools  allows 
for  early  verification  of  the 
manufacturing  processes 

Few  types  (less  than  30) 

Structure 

High  tolerances 

Complex  integration 

Modem  manufacturing 
process  can  maintain  high 
level  of  tolerances 

Simplified  integration 

Apertures 

Small  number  of  sensors 
(F-117) 

EO/IR  and  use  of  numerous 
apertures 

coated,  and  sealed.  Lockheed  Martin  estimates  that  about  70  per¬ 
cent  of  the  work  related  to  stealth  will  be  done  before  FACO.^ 


During  the  final  finishing  step  of  FACO,  the  aircraft  will  need  to  be 
coated  with  RAM.  (For  example,  Lockheed  Martin  is  attempting  to 
develop  an  appliqu^  material  to  be  used  as  the  final  topcoat.)  This 
effort  accounts  for  about  28  percent  of  FACO  operations  standard 
hours.5  Significant  attention  to  the  fidelity  of  the  aircraft  mold  line  is 
required,  and  it  will  be  verified  using  a  turntable  mechanism.  Finally, 
the  JSF  airframe  will  be  tested  in  an  anechoic  chamber  where  its 
radar  cross  section  (RCS)  will  be  tested  and  recorded. 


^Lockheed  Martin’s  response  to  RAND  questionnaire,  February  2002, 
^Lockheed  Martin  briefing  to  RAND,  May  7-8, 2001. 
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Costs  of  Stealth  for  JSF  FACO 

In  addition  to  the  labor  required  for  stealth  implementation  during 
the  FACO  process,  ISF  FACO  stealth  processes  have  four  main  tooling 
and  facility  requirements  or  cost  drivers.  A  secure  facility  or  secure 
space  on  the  factory  floor  of  about  200  x  200  ft  with  special  radar 
absorbing  features  will  be  needed.  A  certain  number  of  tools  will  be 
needed  for  the  coating,  including  robotic  coating  devices,  applique 
equipment,  and  surface  finish  test  equipment.  A  low-observable 
verification  turntable  device,  required  to  test  the  aircraft  RCS,  needs 
to  be  in  a  secure  and  air-conditioned  facility.  A  ground  test  radar  will 
be  required  to  collect  RCS  signature  information,  which  will  then  be 
analyzed  by  dedicated  computers  and  other  analytical  tools.  Some 
number  of  workers  with  clearances  will  be  needed  to  do  the  work. 
The  facilities,  tools,  and  equipment  required  to  ensure  and  verify 
stealth  will  be  needed  at  all  sites  and  have  been  included  in  the  cost 
analysis. 

Because  of  the  innovative  nature  of  the  stealth,  with  much  of  the 
work  being  done  during  the  fabrication  and  subassembly  stage, 
Lockheed  Martin  estimates  that  not  all  FACO  workers  will  need 
clearances,  perhaps  only  20  percent.  Given  the  number  of  workers 
holding  clearances  at  each  site,  we  estimate  that  cleared  workers  can 
be  transferred  from  other  programs  that  will  be  finishing  as  ISF  pro¬ 
duction  ramps  up.  Alternatively,  new  employees  can  be  hired  into 
jobs  that  do  not  require  clearances  for  ongoing  programs,  and 
cleared  workers  can  be  transferred  to  the  ISF  work.  Hence,  no  site 
has  a  significant  determinable  advantage  over  any  other  site,  and  the 
costs  for  worker  clearances  are  not  included  in  the  model.  In  any 
case,  Lockheed  Martin  estimates  that  the  costs  to  get  clearances  are 
relatively  modest,  perhaps  $1,000  per  worker.  The  bigger  issue  with 
clearances  is  the  time  required  for  the  government  to  complete 
background  investigations.  However,  given  that  JSF  production 
activities  will  be  relatively  predictable  and  the  time  to  get  a  clearance 
is  known  (about  12-18  months),  this  issue  can  be  managed  with 
appropriate  advanced  planning. 
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THE  SUPPLIER  AND  TECHNICAL  SUPPORT  BASE, 
SUPPLIERS,  AND  TRANSPORTATION  COSTS 

We  turn  next  to  the  issue  of  the  supplier  base.  The  congressional 
language  mandating  this  study  calls  for  consideration  of  supplier  and 
technical  support  bases.  We  address  that  issue  in  this  section.  We 
also  discuss  the  costs  of  two  other  issues  relating  to  suppliers.  The 
first  is  supplier  support  of  the  FACO  process  through  on-site  supplier 
representation.  The  second  is  the  possible  impact  of  the  relative 
costs  of  transporting  FACO  inputs  to  the  different  potential  FACO 
sites.  Neither  of  these  issues  has  proven  to  be  a  significant  driver  of 
FACO  costs. 

Supplier  and  Technical  Support  Base 

One  of  the  concerns  expressed  in  the  legislation  mandating  the  study 
is  to  ensure  that  the  choice  of  the  ultimate  FACO  location  takes  into 
account  local  “supplier  and  technical  support  bases.”  Lockheed 
Martin  has  stated  that  the  location  and  use  of  FACO  suppliers  will 
remain  independent  of  domestic  FACO  location. 

The  various  processes  of  FACO  were  described  in  Chapter  One. 
Purchased  items  integrated  during  the  FACO  process  are  relatively 
high-tech  and  complex,  including  certain  avionics  and  the  landing 
gear.  Suppliers  of  these  items  sell  to  a  national,  rather  than  a  local, 
market.  Lockheed  Martin  has  already  selected  the  suppliers  for  the 
FACO  inputs,  and  these  companies  already  have  existing  production 
locations.  While  one  potential  FACO  site  or  another  might  have  a 
robust  supplier  and  technical  support  base,  this  type  of  support  is 
more  important  for  the  fabrication  stage,  which  depends  more  on 
outsourcing  to  such  local  contractors  as  machine  shops.  Hence, 
RAND  has  determined  that  the  existence  of  a  robust  local  supply  and 
technical  support  base  is  not  an  issue  for  JSF  FACO.  For  reference,  a 
list  of  FACO  suppliers  and  their  production  locations  appear  in  Table 
8.2. 


Other  Cost  Factors:  Stealth,  Suppliers,  and  Energy  113 


Table  8,2 
FACO  Suppliers 


Location 

Providing 

Tier 

Lockheed  Martin  Aero 

Palmdale,  Calif. 

Edges 

IWTA 

Northrop  Grumman 

Palmdale,  Calif. 

Center  fuselage 

Prin.  sub 

TRW  Radio  Systems 

San  Diego,  Calif. 

Communication, 

navigation, 

identification 

1st 

Parker  Aerospace 

Irvine,  Calif. 

Flight  controls 

2nd 

Lockheed  Martin  Aero 

Fort  Worth,  Texas 

Forward  fuselage, 
wings,  weapons  bay 
doors 

Prime 

Hamilton  Sundstrand 

Rockford,  Ill. 

Electrical  power  system 

1st 

Smiths  Industries 

Grand  Rapids, 

Mich. 

Fuselage  remote 
interface  unit  and 
tactical  data 
equipment 

1st 

General  Electric 

Evendale,  Ohio 

Engine  (2nd  source) 

GFE 

Goodrich  Corporation 

Cleveland,  Ohio; 
Fort  Worth,  Texas 

Landing  gear  system 

1st 

TBD 

TBD 

Nose  wheel  steering 

2nd 

Ho  neywell  /  Dunlop 

South  Bend, 

Ind. /United 
Kingdom 

Wheels 

2nd 

Crane  Hydro  Air 

Burbank,  Calif. 

Brake  control  system 

2nd 

TBD 

TBD 

Tires 

2nd 

BAE  Systems  Controls 

Johnson  City,  N.Y. 

Active  inceptors 

1st 

Moog 

East  Aurora,  N.Y. 

Actuators 

1st 

Litton  Amecom 

College  Park,  Md. 

Electronic  warfare/ 
countermeasures 

2nd 

Northrop  Grumman 
Electronic 

Baltimore,  Md. 

Radar  and  electro- 
optical  sensors  and 
systems  sector 

1st 

Smiths  Industries 

Whippany,  N.J. 

Electrical  power  system 

2nd 

Pratt  &  Whitney 

Hartford,  Conn. 

Engine 

1st 

BAE  Systems 

Nashua,  N.H. 

Electronic  warfare/ 

countermeasures 

1st 

LM  Missiles  and  Fire 
Control 

Orlando,  Fla. 

Electro-optics 

2nd 

BAE  Systems 

United  Kingdom 

Rear  fuselage,  tails 

Prin.  sub 
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Table  8.2 — continued 


Location 

Providing 

Tier 

Fokker-Aerostructure 

The  Netherlands 

Doors 

1st 

Fokker-Elmo 

The  Netherlands 

Wire  harness 

1st 

Honeywell 

Torrance,  Calif. 

Power  thermal 
management  system 
(PTMS) 

1st 

Phoenix,  Ariz. 

Turbomachine 

assembly 

2nd 

Tempe,  Ariz. 

Valves 

2nd 

Toronto,  Ontario 

PTMS  controller, 
software  and  sensors 

2nd 

Tucson,  Ariz. 

Cabin  pressure  valves 

2nd 

Moog 

Torrance,  Calif. 

Actuators 

1st 

Raytheon  Systems 

Plano,  Texas 

Integrated  core 
processor 

2nd 

Harris  Corporation 

Melbourne,  Fla. 

Common  components 

2nd 

EDO 

North  Amityville, 
N.Y. 

Suspension  and  release 

2nd 

Rolls-Royce  AUison 

Indianapolis,  Ind. 

Lift  fan 

2nd 

BF  Goodrich 

Cleveland,  Ohio 

Landing  gear 

2nd 

TRW  Lucas  Aerospace 

United  Kingdom 

Weapons  bay  door 
drive/drive  shaft 

GFE/2nd 

Martin  Baker 

United  Kingdom 

Ejection  seat 

2nd 

Rolls-Royce 

United  Kingdom 

Lift  fan /roll  posts 

2nd 

Smiths  Industries 

United  Kingdom 

Electrical  power 
distribution 

1st 

Vision  Systems, 

San  Jose,  Calif. 

Displays 

1st 

International 

Kaiser  Electronics, 

San  Jose,  Calif. 

Displays 

1st 

Rockwell 

Lockheed  Martin 
Tactical  Systems 

Eagan,  Minn. 

Integrated  core 
processor 

1st 

Honeywell  Normair- 

United  Kingdom 

Life  support 

2nd 

Garrett  Ltd. 

Boeing 

Mesa,  Ariz. 

Gun 

1st 

Marion  Composites 

Marion,  Va. 

Radome 

1st 

SOURCE:  Lockheed  Martin. 
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Supplier  Representation  on  Site 

One  of  the  lessons  learned  from  previous  RAND  research®  is  the 
importance  of  integrating  the  expertise  of  suppliers  early  in  the 
design  process  and  throughout  production.  Best  practice  and  lean 
manufacturing  strategies  that  emphasize  partnering  with  suppliers 
can  reduce  a  variety  of  costs,  including  inventory  holding  costs,  labor 
and  space  costs  associated  with  inventories,  and  even  costs  of  re¬ 
work.^  To  achieve  these  savings,  however,  coordination  with  suppli¬ 
ers  takes  on  even  more  importance.  Point-of-use  delivery  offers  a 
good  example  of  critical  coordination  activities.  Point-of-use  deliv¬ 
ery  involves  the  supplier  taking  responsibility  for  delivering  the  part 
or  component  directly  to  the  location  in  the  factory  where  it  will  be 
incorporated  into  the  final  product.  Often,  supplier  representatives 
are  on  site  to  help  manage  integration  of  their  inputs  into  the  final 
product. 

Lockheed  Martin  expects  that  both  Pratt  &  Whitney  and  General 
Electric  Aircraft  Engines  will  want  to  have  supplier  representatives  at 
the  FACO  site.  This  will  not  vary  by  choice  of  FACO  location.  How¬ 
ever,  choosing  multiple  FACO  locations  will  mean  that  the  associated 
costs  of  supplier  representatives  will  increase  proportionately.  RAND 
estimates  that  five  supplier  representatives  will  be  required  on  hand 
at  each  FACO  site — this  cost  is  included  in  the  cost  model.  Our 
assumption  is  that  the  two  engine  suppliers  will  each  have  two  repre¬ 
sentatives.  The  last  individual  represents  “as  needed”  support  from 
other  suppliers. 

Logistics  and  Transportation  Costs 

FACO  will  bring  components  and  subassemblies  from  a  variety  of 
locations  together  at  one  place.  One  set  of  costs  that  needs  to  be 
considered  when  evaluating  FACO  location  alternatives  is  that  asso¬ 
ciated  with  moving  these  components  and  subassemblies  to  the  final 
FACO  site  and  storing  them  there. 


®Cook  and  Graser,  2001. 
^Cook  and  Graser,  2001. 
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Lockheed  Martin  plans  to  receive  modules  and  components  shipped 
from  a  number  of  different  sources  throughout  the  Unites  States  and 
Europe.  For  example,  Northrop  Grumman  will  assemble  the  center 
fuselage  in  California.  Lockheed  Martin  will  make  the  edges  in 
Palmdale.  The  forward  fuselage,  wing,  and  weapons  bay  doors  will 
be  produced  by  Lockheed  Martin  in  Fort  Worth.  Engines  will  come 
from  Hartford,  Conn.,  and  radar  from  Baltimore,  Md.  Other  compo¬ 
nents  will  come  from  overseas.  The  aft  fuselage  and  tails  will  come 
from  Salmesbury,  England,  and  some  doors  will  come  from  the 
Netherlands. 

The  choice  of  FACO  locations  will  affect  shipping  costs.  If  Fort  Worth 
is  the  FACO  site,  the  forward  fuselage  and  wing  need  not  be  shipped, 
just  moved  across  the  factory  floor.  If  the  FACO  work  is  done  in 
Palmdale,  these  components  must  be  shipped  to  California,  but  the 
costs  to  ship  the  center  fuselage  and  edges  will  largely  disappear.  In 
Marietta,  where  no  additional  work  is  being  done,  the  shipping  costs 
will  have  to  include  transporting  all  these  components. 

Lockheed  has  several  options  for  shipping  components  to  the  FACO 
location(s).  Components  from  domestic  suppliers  will  be  trucked. 
Components  coming  from  overseas  will  be  shipped  to  a  common 
port,  most  likely  Houston,  and  then  trucked  to  their  final  destination. 
Air  transport  is  too  costly  to  be  anything  more  than  an  emergency 
backup  alternative.  (Rail  shipment  offers  another  alternative  for 
transport,  provided  the  FACO  location  had  rail  access,  but  Lockheed 
said  it  plans  to  use  truck  shipments.) 

Component  size  and  weight  are  the  two  main  drivers  of  shipping 
cost.  Crate  returns  are  an  additional  factor  to  consider  because 
Lockheed  must  bear  the  cost  of  returning  shipping  crates  to  their 
point  of  origin  for  further  use.  (Some  shipping  containers  may  even 
need  to  be  custom-made.)  Because  Lockheed  Martin  only  provided 
estimates  of  shipping  costs  for  their  Fort  Worth  location,  RAND  used 
publicly  available  data  to  construct  a  shipping  cost  model.®  This 
model  can  simulate  transport  costs  for  a  variety  of  alternate  FACO 
plans.  Generally,  the  change  in  shipping  costs  arising  from  changing 
FACO  locations  is  small— a  few  thousand  dollars  per  plane  if  FACO 


®More  detail  on  the  development  of  the  model  used  to  predict  shipping  costs  can  be 
found  in  Chapter  Nine. 
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were  relocated  entirely  to  Palmdale  or  Marietta,  less  than  that  if  only 
part  of  FACO  is  relocated.  On  an  annual  basis  the  amount  is  less 
than  $1  million  per  year  at  peak  production. 

The  other  part  of  FACO  logistics  to  consider  is  inventory  cost — the 
cost  associated  with  holding  inventory.  Inventory  costs  are  typically 
taken  to  include  interest  costs  (opportunity  costs),  depreciation, 
obsolescence,  taxes,  storage  costs,  handling  costs,  shrinkage  costs, 
and  insurance.^  Many  of  these  costs  are  subsumed  into  overhead 
costs,  while  others  are  explicitly  disallowed,  as  will  be  discussed 
below.  In  any  case,  inventory  costs  would  only  need  to  be  consid¬ 
ered  in  the  case  of  multiple  FACO  sites  if  it  is  assumed  that  a  certain 
number  of  items  are  held  in  inventory  as  a  buffer  before  integration 
during  FACO.  Current  best  practice  minimizes  these  costly  buffers. 
Furthermore,  because  the  supplied  items  being  incorporated  during 
FACO  are  high-cost  items,  Lockheed  Martin  plans  to  integrate  them 
quickly  rather  than  hold  extras. 

For  the  minimal  inventories  that  are  held,  inventory  interest  costs 
and  inventory  item  depreciation  costs  are  not  allowable  according  to 
Federal  Acquisition  Regulation  31.205. 

Obsolescence  per  se  is  not  an  issue  here  as  a  cost  so  much  as  it  is  a 
potential  risk,  but,  at  the  planned  rates  of  production,  any  differ¬ 
ences  in  risk  according  to  FACO  strategy  would  be  quite  small. 
Shrinkage  and  insurance  costs  are  allowable  but  are  included  in 
overhead  rates  and  are  captured  in  the  overhead  portion  of  the  cost 
model.  Lockheed  Martin  estimates  that  roughly  20,000  sq  ft  of  stor¬ 
age  space  is  needed  for  FACO  at  each  location,  so  the  use  of  multiple 
sites  will  entail  the  costs  of  duplicating  this  space.  These  costs  are 
incorporated  into  the  facilities  portion  of  the  cost  model.  Handling 
costs  are  an  aspect  of  labor  costs,  treated  as  material  management 
and  material  inventory  control  labor. 

Summary  of  Supplier  Issues 

Issues  involving  the  supplier  and  technical  support  base  and  trans¬ 
portation  costs  would  not  be  materially  altered  by  the  choice  of 

^Tersine,  1988. 
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FACO  Strategy,  whether  at  single  or  multiple  locations.  The  cost  of 
on-site  supplier  personnel  costs  would  increase  if  FACO  work  were 
split  among  multiple  locations. 

ENERGY 

Two  of  the  energy  factors  to  consider  in  the  JSF  FACO  location  deci¬ 
sion  are  its  cost  and  reliability.  Ultimately,  neither  should  have 
much  effect  on  the  location  decision  because  the  difference  in  the 
total  cost  of  energy  between  sites  is  not  great,  and  reliability  issues 
are  impossible  to  predict  over  the  long  term.  This  section  first 
describes  the  demand  for  energy  and  then  discusses  the  cost  and 
reliability  of  electricity  at  the  different  locations. 

Electricity  is  vital  to  a  number  of  aspects  of  FACO.  In  FACO,  electric¬ 
ity  is  primarily  used  for  environmental  controls,  such  as  lighting, 
humidity,  and  temperature  control.  Humidity  and  temperature 
control  are  necessary  for  the  precision  fit  of  the  aircraft’s  compo¬ 
nents.  Fluctuations  in  heat  and  moisture  may  adversely  affect  the 
shape  and  tolerances  of  the  subassembly  connections.  Electricity  is 
also  required  for  computers  and  to  power  some  of  the  tools  used  in 
the  FACO  process.  The  coatings  process  and  fuel  activities  also  use 
electricity. 

Both  the  cost  and  reliability  of  electricity  depend  on  location.  Table 
8.3  shows  the  source  of  electric  power  generation  for  the  three  states 
with  FACO  facilities  under  consideration.  Almost  two-thirds  of  the 
electricity  in  Georgia  is  generated  by  coal,  with  nuclear  power 
accounting  for  most  of  the  rest.  Texas  receives  about  half  of  its  elec¬ 
tric  power  from  gas  and  most  of  the  rest  from  coal.  Nuclear  power 
accounts  for  about  10  percent  of  the  total.  California  also  uses  gas  for 
about  half  of  its  electricity,  but  hydroelectric  and  nuclear  power 
account  for  about  20  percent  each,  with  coal  supplying  about  1  per¬ 
cent  of  the  total. 

The  Georgia  Power  Company,  which  serves  most  of  the  state,  pro¬ 
vides  power  to  Marietta.  The  local  utility  in  Fort  Worth  is  the  Texas 
Utilities  Electric  Company.  However,  Texas  Electric  Choice  went 
into  effect  on  January  1, 2002,  providing  the  choice  of  electricity  retail 
provider  to  both  residential  and  nonresidential  customers.  The  Fort 
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Table  8.3 

Electric  Power  Industry  Generation  by  Energy  Source,  1999 


Energy  Source 

California  (%) 

Georgia  (%) 

Texas (%) 

Coal 

1.2 

64.2 

39.2 

Natural  gas 

47.2 

2.7 

49.2 

Nuclear  power 

17.4 

26.7 

10.2 

Hydroelectric 

power 

21.1 

2.3 

0.3 

Other 

13.0 

4.1 

1.1 

SOURCE:  U.S.  Department  of  Energy,  2001a. 


Worth  plant  could  choose  a  new  provider  before  full-rate  FACO  op¬ 
erations  begin.  Similarly,  Southern  California  Edison  locally  supplies 
the  Palmdale  area  with  power,  but  customers  are  free  to  choose 
another  provider. 

The  Cost  of  Electricity 

Little  additional  capital  cost  is  required  to  meet  FACO  energy  needs. 
FACO  will  require  270-volt  direct  current  (DC)  electricity,  which  is 
not  normally  supplied  by  electric  utilities.  Each  power  transformer  is 
estimated  to  require  an  outlay  of  $25,000.  About  four  would  be 
needed  at  the  peak  JSF  production  rate  of  about  200  aircraft  per  year. 

The  bulk  of  energy  costs  will  come  directly  from  usage.  These  elec¬ 
tricity  costs  depend  on  two  factors:  the  price  of  electricity  and  elec¬ 
tricity  consumption.  Specific  long-term  forecasts  of  electricity  prices 
for  industrial  consumers  for  the  utilities  that  supply  each  of  these 
facilities  do  not  exist.  The  U.S.  Department  of  Energy,  through  its 
Energy  Information  Administration  (EIA),  forecasts  future  energy 
prices  at  a  more  aggregate  level.  New  forecasts  are  produced  annu¬ 
ally  and  published  in  the  Annual  Energy  Outlook  (AEO).  The  AEO  for 
2002  produces  projections  of  energy  outputs  to  2020  (U.S.  Depart¬ 
ment  of  Energy,  2001b).  (Because  of  the  lack  of  a  forecast  for  the 


^^The  state  of  California  does  have  a  forecast  of  electric  rates  for  the  utility  that 
supplies  Palmdale  (Southern  California  Edison),  but  it  only  extends  to  2012.  The 
change  in  rates  over  time  in  this  forecast  is  similar  to  the  one  presented  below.  See 
California  Energy  Commission,  2002. 
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period  following  2020,  for  these  calculations  we  presume  that  rates 
remain  constant  in  real  terms.)  The  heart  of  the  AEO  is  the  National 
Energy  Modeling  System  (NEMS).  NEMS  uses  a  comprehensive 
series  of  supply- and-demand-based  modules  integrated  to  capture 
the  market  dynamics  for  a  variety  of  energy  sources,  including  oil, 
coal,  and  natural  gas,  and  for  a  wide  range  of  consumption  purposes. 
These  modules  are  run  first  at  regional  levels  and  then  aggregated 
into  a  national  estimate.  NEMS  is  regularly  used  to  provide  analyses 
to  Congress  as  well  as  to  the  Department  of  Energy.  AEO  2002 
focuses  on  the  effect  of  long-term  events  on  energy  demand  and 
energy  prices.  Events  include  changes  in  the  prices  and  supplies  of 
fossil  fuels,  developments  in  electricity  markets,  likely  improvements 
in  technology,  and  the  impact  of  economic  growth.  AEO  2002 
reflects  data  available  as  of  July  2001,  which  included  most  data  from 
2000  but  only  partial  data  from  2001.  However,  AEO  2002  projections 
take  into  account  the  long-term  contracts  entered  into  by  California 
to  guarantee  electricity  supplies  to  the  state.  (If  recent  attempts  by 
the  state  to  reduce  the  amounts  paid  under  those  contracts  prove 
successful,  electricity  costs  would  likely  be  lower  at  Palmdale  than 
those  presented  here.) 

Consumers  of  electricity  are  typically  broken  down  into  three  types: 
residential,  commercial,  and  industrial.  Industrial  users  generally 
receive  the  lowest  rates  because  they  buy  relatively  large  amounts  of 
power  and  often  locate  closer  to  generation  facilities.  Sufficiently 
large  users,  under  permissive  regulatory  environments,  may  be  able 
to  directly  negotiate  long-term  rates  with  utilities  for  large  amounts 
of  power.  (Residential  users  are  at  the  other  end  of  the  rate  spec¬ 
trum.) 

AEO  2002  forecasts  regional  electricity  prices  for  industrial  users  of 
electricity.  We  derive  from  these  forecasts  the  future  percentage 
changes  in  the  price  of  electricity  paid  by  the  facilities  under  consid¬ 
eration.  The  survey  of  facilities  conducted  by  DCMA  provides  infor¬ 
mation  on  the  average  electricity  rate  paid  for  each  of  the  locations. 
The  percentage  cost  changes  for  the  appropriate  region  of  the  coun¬ 
try  are  then  applied  to  the  electricity  costs  reported  by  the  locations, 
yielding  estimates  of  the  future  rates. 

Long-run  electricity  prices  are  forecast  to  fall  somewhat  in  California, 
to  fall  slightly  in  Georgia,  and  to  increase  slightly  in  Texas,  although 
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much  of  the  change  is  expected  to  take  place  before  2006.  Despite 
these  movements,  electricity  prices  at  the  Fort  Worth  and  Marietta 
facilities  are  still  much  lower  than  prices  at  either  facility  in 
Palmdale.  Rates  in  Palmdale  are  roughly  double  those  at  the  loca¬ 
tions  outside  California. 

The  second  component  of  FACO  energy  cost  is  electricity  consump¬ 
tion.  For  FACO,  electricity  consumption  is  primarily  driven  by  power 
and  HVAC  for  the  space  needed  for  final  assembly,  painting,  fueling, 
and  low-observable  testing,  and  by  power  for  the  run  stations^^  The 
more  planes  undergoing  FACO  at  one  time,  the  more  space  is 
needed.  However,  the  number  of  aircraft  actually  being  assembled 
in  that  space  does  not  significantly  affect  energy  use.  Lockheed 
Martin  officials  estimate  31.2  kWh  per  square  foot  of  FACO  space  per 
year  will  be  consumed,  and  225,000  kWh  per  run  station.  With 
Lockheed  Martin's  estimates  of  its  space  needs  for  facilities  perform¬ 
ing  FACO  at  different  rates,  we  can  calculate  the  cost  of  electricity  at 
the  different  locations  and  with  different  rates  of  FACO.  These  calcu¬ 
lations  are  included  in  our  cost  analysis. 

Because  electricity  costs  are  relatively  low  and  energy’s  share  of 
FACO  costs  is  small,  these  electricity  cost  differences  will  have  very 
little  effect  on  overall  FACO  costs.  Annual  differences  between  the 
least-expensive  and  most- expensive  energy  alternatives  (Marietta 
and  Lockheed  Martin-Palmdale,  respectively)  total  in  the  hundreds 
of  thousands  of  dollars  per  year.  On  a  per-plane  basis,  the  difference 
between  locations  is  usually  a  few  thousand  dollars  for  any  given  rate 
of  FACO. 

These  forecasts,  put  simply,  are  forecasts;  AEO  2002  rightly  notes  that 
these  forecasts  are  subject  to  many  uncertainties.  Future  develop¬ 
ments  in  technologies,  significant  discoveries  of  natural  resources, 
changing  demographic  patterns,  or  a  variety  of  political  factors  could 
all  significantly  influence  these  rates,  especially  when  looking  across 
20  years.  Strikes  or  severe  weather  could  significantly  affect  rates  for 
a  particular  area  in  any  given  year. 


^^Run  stations  are  specialized  locations  equipped  to  allow  testing  of  a  plane's  engine. 

^^This  estimate  compares  favorably  to  results  from  the  DCMA  survey  of  the  four  facil¬ 
ities. 


122  FACO  Alternatives  for  the  Joint  Strike  Fighter 


Reliability 

Uncertainty  about  the  future  also  applies  to  an  energy  concern  still 
fresh  in  many  minds:  the  reliability  of  electricity  supply.  FACO 
operations  need  a  reliable  source  of  electricity.  Power  outages  mean 
work  stoppages  until  lights  and  HVAC  systems  can  be  brought  back 
on  line.  Coating  operations  could  require  significant  rework  if  an 
outage  occurs  during  the  application  of  final  finishes. 

Four  factors  affect  the  reliability  of  electricity  supply:  the  robustness 
of  the  fuel  supply,  the  margin  of  safety  (the  reserve  margin),  trans¬ 
mission  and  distribution  system  capacity  and  weak  links,  and 
weather  and  storms. 

As  mentioned  above,  California's  electricity  supply  comes  from  a 
variety  of  sources.  Natural  gas  is  the  most  common,  but  the  state 
utilizes  hydroelectric,  coal,  and  nuclear  power  as  well.  Georgia  is 
somewhat  coal-dependent,  and  Texas  uses  significant  amounts  of 
both  coal  and  natural  gas.  Over  the  next  decade,  natural  gas  is  likely 
to  play  an  even  larger  role  in  electricity  supply  in  California  and  other 
states,  but  realistically  we  cannot  forecast  the  stability  of  natural  gas 
supplies  10  and  20  years  hence.  EIA,  the  Gas  Research  Institute,  and 
the  economic  consulting  firm  DRI-WEFA  all  forecast  natural  gas 
prices  to  be  lower  (in  real  terms)  in  2015  and  2020  than  they  are 
today  (U.S.  Department  of  Energy,  2001b).  Similarly,  coal  price  fore¬ 
casts  show  no  real  appreciation  in  cost,  and,  in  some  instances,  they 
show  decreases  for  the  same  time  horizon.  None  of  the  forecasts 
include  any  predictable  future  supply  problems. 

The  reserve  margin  also  affects  reliability.  If  the  reserve  margin  gets 
too  low,  it  makes  it  difficult  for  the  system  to  handle  peaks  in 
demand.  In  2001,  California  exemplified  this  as  demand  outstripped 
supply.  A  California  Energy  Commission  report  (2002)  outlines  a 
variety  of  actions  the  state  took  to  spur  additional  electricity  genera¬ 
tion  and  to  encourage  conservation  to  help  avoid  electricity  outages 
during  summer  2001  after  the  problems  earlier  in  the  year.  To 
expand  generation,  the  state  worked  to  boost  output  at  existing 
plants,  to  restart  plants  that  had  been  recently  retired,  and  to  accel¬ 
erate  reviews  for  plants  under  consideration.  New  peak  generating 
capacity  brought  on  line  in  2001  added  roughly  5  percent  to  existing 
capacity.  Conservation  programs  and  financial  incentives  also 
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proved  successful  in  reducing  electricity  demand  by  5-10  percent 
(depending  on  the  month).  As  a  result,  the  California  Energy 
Commission  finds  that  supplies  are  most  likely  to  he  sufficient  to 
increase  reserve  margins  and  maintain  reliability  to  2005  and 
beyond. 

Third,  transmission  and  distribution  system  capacity  and  weak  links 
are  an  ongoing  concern.  Shortages  of  transmission  capacity  can 
pose  a  problem,  although  they  tend  to  occur  at  the  same  time  as 
reserve  margin  difficulties.  Excess  power  exists  somewhere  even 
during  outages  induced  by  low  reserves,  but  the  transmission  lines 
necessary  to  get  electricity  to  where  it  is  needed  may  he  congested. 

Weather  and  storms  are  the  fourth  major  reliability  influence. 
Extreme  heat  or  cold  will  significantly  affect  demand  for  electricity, 
which  may  cause  reliability  problems  when  coupled  with  low  reserve 
margins.  Storms  have  the  potential  to  disrupt  the  transmission  and 
distribution  system  by  taking  out  power  lines.  For  the  past  three 
years,  EIA  has  kept  track  of  major  disturbances  to  power  systems 
around  the  country  (U.S.  Department  of  Energy,  2001c).  The  EIA 
data  on  major  disturbances  show  that  none  of  the  potential  locations 
was  eiffected  for  weather-related  reasons  in  the  past  three  years. 

California  experienced  a  significant  problem  with  power  reliability  in 
2001  because  of  low  reserve  margins,  but  this  problem  was  remedied 
in  a  relatively  short  time.  An  analysis  of  EIA  data  shows  that 
Southern  California  Edison  experienced  three  major  disturbances 
that  resulted  in  widespread  service  disruption  to  Southern  California 
between  March  and  May  2001.^3  However,  California  went  from  a 
situation  of  daily  potential  for  outages  to  no  shortages  in  less  than  a 
year.  Perhaps  more  important,  in  a  survey  conducted  on  RAND’s 
behalf  by  DCMA,  none  of  the  facilities  under  consideration  reported 
any  power  outages  in  the  past  five  years  that  resulted  in  a  work  stop¬ 
page,  despite  the  widely  publicized  difficulties  that  affected  areas  of 
California. 


^^The  California  Independent  System  Operator  itself  had  six  major  disturbances 
between  January  2001  and  May  2001.  Single  disturbances  occurred  in  California  in 
1999  and  2000.  While  Texas  experienced  three  major  disturbances  in  2001,  four  in 
2000,  and  three  in  1999,  none  affected  the  Fort  Worth  area  (many  of  them  were 
weather-related).  Georgia  escaped  serious  disturbances  in  all  three  years  for  which 
data  were  available. 
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The  time  horizon  between  now  and  the  start  of  FACO  is  distant.  The 
study  produced  by  the  staff  of  the  California  Energy  Commission 
attempts  to  quantify  some  aspects  of  the  risk  of  unreliable  electricity, 
but  its  predictions  only  extend  to  next  year.^**  Even  if  a  problem  with 
reliability  were  to  suddenly  emerge  next  summer,  between  now  and 
2010  any  part  of  the  country  would  have  the  time  and  ability  to  fix 
any  problems  that  might  surface  with  the  reliability  of  electricity.  A 
gas  turbine  system  can  be  fully  operational  in  three  years.  Siting  and 
permitting  issues  can  be  expedited  for  plants  already  in  the  planning 
stages.  Recently  retired  plants  can  be  returned  to  service  even  more 
quickly  than  new  facilities  can  be  put  into  place.  And  conservation 
programs  and  incentives  can  significantly  reduce  energy  use  in  a 
matter  of  weeks  to  months. 

It  is  not  possible  to  say  that  electricity  in  Palmdale  will  be  less  reliable 
than  it  will  be  anywhere  else  in  the  country  10  years  from  now.  With 
no  disruptions  experienced  in  the  past  five  years  at  any  of  these  sites, 
and  with  the  difficulty  of  foreseeing  very-low-probability  events 
many  years  into  the  future,  we  cannot  say  with  any  confidence  that 
electricity  supplies  will  be  more  or  less  reliable  at  any  of  these  loca¬ 
tions. 


^^Califomia  Energy  Commission,  2002.  In  a  Monte  Carlo  experiment  of  300  runs,  the 
electricity  supply  capacity  for  Southern  California  fell  below  a  minimum  7-percent 
reserve  margin  at  peak  demand  in  1.3  percent  of  the  cases  for  summer  2003. 


If 


r 


f 


Chapter  Nine 

MODELING  THE  COST  IMPLICATIONS  OF 
ALTERNATIVE  FACO  STRATEGIES  FOR 
_ JSF  PRODUCTION 


Analyzing  the  costs  of  any  production  task  can  be  complex.  In  this 
case,  the  many  scenarios  that  must  be  considered  make  the  analysis 
even  more  difficult.  To  analyze  different  work  splits,  we  have  devel¬ 
oped  a  cost  model  that  can  be  used  to  examine  the  effects  of  the  cost 
drivers  under  different  scenarios.  We  have  also  identified  and  exam¬ 
ined  a  number  of  other  issues  beyond  those  in  the  congressional  lan¬ 
guage  to  complete  a  full  and  objective  evaluation  of  the  different 
scenarios. 

Many  factors,  including  labor  efficiency,  taxes,  facilities  require¬ 
ments,  environmental  constraints,  would  affect  the  cost  of  having 
additional  or  alternative  FACO  sites  for  ISF  production.  It  is  difficult 
to  predict  the  influence  of  all  these  cost  effects.  Some  factors  could 
increase  the  total  production  cost  of  using  a  second  site — most 
notably,  the  need  for  redundant  facilities,  tooling,  and  equipment. 
Other  factors  may  even  decrease  the  total  FACO  cost  for  a  multiple- 
site  strategy  compared  with  a  single-site  one.  One  such  factor  is  the 
incentives  to  hire  workers.  These  incentives  may  reduce  the  produc¬ 
tion  cost  at  a  second  site.  If  the  number  of  employees  that  could  take 
advantage  of  these  incentives  were  limited,  it  might  make  sense  to 
move  that  portion  of  the  work  that  would  take  advantage  of  the 
incentives  to  that  second  site.  How  these  factors  combine  to  result  in 
a  higher  or  lower  FACO  production  cost  is  not  obvious.  We  have  no 
way  of  knowing  whether  a  particular  FACO  strategy  is  more  or  less 
expensive  without  accounting  for  all  the  relevant  factors  in  a  consis¬ 
tent  manner. 
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Cost  influences  may  not  be  independent  of  one  another,  which 
complicates  the  accounting.  Some  influences  on  the  FACO  cost 
affect  other  factors.  For  example,  environmental  regulations  may 
require  additional  facilities  investments,  such  as  a  thermal  oxidizer 
to  reduce  emissions  of  VOCs.  These  will  in  turn  increase  power 
usage,  and  thus  overhead  cost,  at  the  site.  Reflecting  these  linkages 
between  factors  is  critical  to  an  accurate  determination  of  cost 
effects.  The  cost  model  that  RAND  has  developed  enables  the 
quantitative  assessment  of  the  cost  implications  of  different  FACO 
strategies.  In  this  chapter,  we  describe  this  model  and  the  calcula¬ 
tions  made  within  it. 

COST  ELEMENTS  IN  THE  MODEL 

The  RAND  model  was  developed  in  Microsoft  Excel  and  consists  of 
nine  different  modules  that  correspond  to  discrete  elements  of  cost. 
These  elements,  which  are  the  major  cost  drivers  for  FACO  activities, 
are  production  labor,  indirect  costs  (overhead  and  G&A),  invest¬ 
ments  (facilities,  equipment,  and  tooling),  taxes  and  credits,  envi¬ 
ronmental  and  permitting  costs,  transportation,  power,  prime  and 
supplier  management  support,  and  fee.  Generally,  each  module  cal¬ 
culates  the  appropriate  cost  for  each  fiscal  year^  of  production.  Some 
costs,  such  as  labor,  are  incurred  over  the  entire  production  run 
(called  recurring  costs),  while  others,  such  as  tooling  and  equipment, 
might  be  onetime  costs  or  periodic  (called  nonrecurring  costs).  In 
this  section,  we  describe  the  methodology  and  assumptions  used  to 
evaluate  each  cost  element. 

Production  Labor 

Labor  is  one  of  the  largest  cost  components  for  FACO.  The  labor 
associated  with  FACO  activities  consists  of  two  distinct  types: 
“touch"  and  “support.”  Touch  labor  is  the  direct  work  in  the  pro¬ 
duction  of  the  aircraft,  including  such  activities  as  structural  mate, 
testing,  and  flight  operations.  Support  labor  is  direct  labor  that  facUi- 


^For  the  FACO  activity  of  the  JSF  program,  we  assume  that  actual  costs  are  incurred 
two  years  after  the  government  fiscal  year  in  which  the  funds  are  appropriated  (the 
gap  between  order  and  delivery). 
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tates  FACO  touch  work,  including  engineering,  quality,  material 
inventory,  and  the  like.  For  all  these  elements,  we  used  the  work 
breakdown  structure  (WBS)  employed  by  Lockheed  Martin  for  FACO 
activities  and  modeled  each  as  a  separate  component  of  the  overall 
production  labor.  The  WBS  is  as  follows: 

•  Direct  Labor 

— Fuselage  structural  mate 
— Subsystem  mate 
— Final  assembly  and  test 
— Flight  operations 
— Manloads /incomplete  task  logs^ 

— Final  finishes 

•  Support  Labor 

— Manufacturing  engineering 
— ^Tool  engineering 
— ^Tool  manufacturing 
— Quality 
— Engineering 
— Material  inventory 

For  each  of  the  above  components  of  production  labor,  we  calculate 
the  number  of  hours  of  work  on  a  yearly  basis  at  each  site.  (This  cal¬ 
culation  is  complicated  by  the  need  to  consider  learning  effects, 
which  are  described  below.)  These  hours  are  then  multiplied  by  a 
direct  labor  rate  to  determine  the  direct  labor  cost.  Not  all  compo¬ 
nents  have  the  same  direct  rate.  Some  components  are  more  expen¬ 
sive  on  a  per-hour  basis  than  others.  For  example,  the  hourly  direct 
rates  for  engineering  are  higher  than  those  for  structural  mate. 


^This  category  includes  residual  work  that  must  be  accomplished  post  delivery  at  the 
FACO  location  on  purchased  subassemblies  before  they  can  be  incorporated  into  final 
assembly. 
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Unit  Learning  Curve.  The  number  of  work  hours  per  aircraft 
assembled  is  not  static.  It  has  long  been  understood  that  manufac¬ 
turers  become  more  efficient  at  producing  identical  items  over  time. 
This  observation  is  the  “learning  effect.”^  We  cannot  determine  the 
hours  worked  each  year  by  simply  multiplying  the  production  rate  by 
a  fixed  number  of  hours  per  aircraft. 

To  reflect  experience-based  gains  in  efficiency,  we  use  the  unit 
learning  curve  that  represents  the  production  hours  per  aircraft  as  a 
power  function  of  cumulative  production.  The  equation  takes  the 
general  form: 


[n(5to/7g) 

Tin)  =  T{1)  X  n~^ .  (1) 

The  variable  n  is  the  cumulative  number  of  units  produced.  T(n)  is 
the  number  of  hours  for  the  nth  unit.  T(l)  is  the  number  of  hours  for 
the  first  unit.  The  variable  slope  is  the  improvement  rate  and  repre¬ 
sents  the  quantity  by  which  the  number  of  hours  gets  multiplied 
each  time  the  production  unit  number  doubles.  For  example,  a  slope 
of  0.95  implies  that  the  unit  hours  decrease  by  5  percent  for  each 
doubling  of  quantity.  Therefore,  if  unit  one  takes  1.000  hours,  unit 
two  takes  0.950  hours  and  unit  four  takes  0.903  hours.^-^ 

To  determine  the  number  of  hours  each  of  the  12  components  of 
FACO  labor  requires,  at  a  minimum,  the  calculation  of  12  learning 
curves.  However,  the  RAND  model  incorporates  more  complexity. 
Two  additional  aspects  to  production  labor  for  JSF  FACO  need  to  be 
addressed  (and  were  incorporated  into  the  cost  model)  to  reflect  the 
unique  nature  of  this  study  and  of  the  program:  the  possibility  that 


^Asher,  1956. 

"^The  insight  that  hours  required  to  perform  manufacturing  functions  decline  at  a  set 
rate  as  the  production  units  successively  double  was  a  foundation  of  formal  cost  esti¬ 
mation  (Asher,  1956). 

^It  should  be  noted  that  Lockheed  Martin  uses  a  compound  learning  curve  that 
changes  slope  at  three  points  in  the  production.  Its  curve  mimics  an  “s”-shaped 
improvement  curve.  We  have  used  constant  slope  curves  for  our  analysis,  in  line  with 
what  the  JSF  Program  Office  and  the  OSD  CAIG  have  done.  A  comparison  analysis 
using  a  learning  curve  like  Lockheed  Martin’s  and  a  simple  single  slope  curve  reveals 
that  the  difference  in  labor  hours  is  only  about  +/-  3  percent.  The  difference  depends 
on  the  point  at  which  a  second  source  is  introduced. 
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learning  can  transfer  between  sites  and  the  fact  that  what  is  being 
produced  is  not  one  single  aircraft,  but  three  variants  of  a  single 
aircraft  with  a  high  level  of  commonality. 

Transferable  Learning.  The  efficiency  improvement  that  the  unit 
learning  curve  reflects  results  from  a  combination  of  factors,  includ¬ 
ing  improvements  in  production  methods  and  experience  gained  by 
the  workers.  All  FACO  scenarios  under  examination  rely  on  a  single 
contractor  (Lockheed  Martin)  controlling  configuration  and  meth¬ 
ods.  Therefore,  some,  although  not  all,  of  the  efficiency  improve¬ 
ment  could  plausibly  transfer  between  the  various  FACO  sites.  More 
likely  to  be  transferable  are  larger- scale  engineering  improvements 
or  process  improvements,  including  new  methods,  simplifications  of 
work  methods,  and  tooling  improvements.  This  type  of  change  in 
the  way  work  is  done  can  be  captured  in  documentation  or  even 
shared  by  engineers  traveling  between  locations.  Another  kind  of 
learning  is  generally  not  so  easily  transferred — that  involved  in  the 
work  done  by  touch  labor,  such  as  mechanics  working  on  the  factory 
floor.  This  learning  would  include  start-up  or  training  expertise 
required  for  a  task,  manual  dexterity  (“learning  by  doing"),  and 
undocumented  tricks  or  shortcuts  that  workers  might  not  even  be 
able  to  articulate. 

In  the  cost  model,  we  have  incorporated  the  flexibility  to  model 
learning  transfers  of  different  levels  between  sites.  To  do  so,  we  split 
the  learning  curve  for  a  particular  component  of  labor  into  two  sets 
of  curves,  a  universal  one  (for  all  sites)  and  a  site-specific  one.  The 
universal  curve  is  based  on  the  units  produced  at  all  sites,  whereas 
the  site-specific  curves  are  based  on  the  unit  production  exclusively 
at  one  particular  site.  The  revised  learning  curve  has  the  form: 


TinO  =  m) 


In  {slope) 
In  (2) 


YKii  + 


In  {slope) 
In  (2) 


(2a) 


where  i  is  an  index  of  location,  Uaii  is  the  cumulative  number  of  units 
produced  at  all  locations,  rii  is  the  cumulative  number  of  units  pro¬ 
duced  at  location  i,  TinDis  the  number  of  hours  for  unit  rip  and  r(l)  is 
the  number  of  hours  for  the  first  unit,  assumed  to  be  location- 
independent. 
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The  constant  y  is  the  fraction  of  learning  that  is  transferable.  For 
example,  say  a  site  has  produced  23  units  of  54  total  units.  If  that  site 
produces  the  next  new  unit,  Uau  is  55  and  n,  is  24.  Note  that  we 
assume  the  universal  and  site-specific  slopes  to  be  identical.  We 
make  this  assumption  because,  with  the  Lockheed  Martin  manage¬ 
ment  team  controlling  production,  we  have  no  reason  to  believe  that 
any  one  site  will  be  able  to  ‘iearn''  more  effectively  than  another, 
given  that  the  skills  required  across  sites  will  be  the  same  and  that 
the  engineers  involved  will  be  able  to  interact  with  their  counterparts 
at  other  sites.6>7  This  implies  that  formula  2a  converges  to  formula  1 
when  7  is  1  or  one  site  does  all  the  production  (i.e.,  tiaii  =  n,). 

The  RAND  FACO  cost  model  implements  equation  2a  in  a  slightly 
modified  form.  The  unit  parameter  n  for  the  universal  part  of  the 
curve  is  actually  the  prior  year's  last  unit  number  (total)  plus  the 
site's  unit  number  for  the  current  year.  For  example,  say  the  prior 
year's  total  cumulative  production  was  57  and  that  site  i  had  pro¬ 
duced  22  of  those  units.  Say  this  year's  total  production  is  20,  of 
which  10  are  produced  at  site  i.  For  the  10th  new  unit  site  i  produces 
this  year,  would  be  67  and  W/ would  be  32.  For  the  first  unit  pro¬ 
duced  at  site  i  the  next  year,  would  be  78  and  n,  would  be  33.  This 
modification  reflects  that  universal  learning  would  not  be  transferred 
instantaneously.  We  assume  a  delay  of  one  year  for  improvements  in 
production  efficiencies  to  be  transferred  from  site  to  site. 

Determining  a  reasonable  value  for  /  (learning  transfer)  is  prob¬ 
lematic.  Learning- curve  analysis  has  been  typically  done  at  an 
aggregate  level  where  the  cause  and  effect  of  the  efficiency  improve¬ 
ments  have  not  been  isolated.  Other  authors  have  examined  the 
ability  to  transfer  learning  under  circumstances  where  a  gap  in  pro¬ 
duction  occurs.8  These  cases  represent  an  extreme  in  the  transfer  of 
learning.  That  is,  when  production  is  restarted,  all  of  the  learning 
benefit  from  the  workers'  efficiency  will  have  disappeared.  The  effi¬ 
ciency  gains  from  methods  improvements  should  have  been  cap- 


®This  assumes  the  Northrop  Grumman  site  will  be  closely  tied  in  with  its  JSF  partner 
Lockheed  Martin. 

^To  explore  how  this  assumption  affects  the  cost  results,  we  test  the  sensitivity  of  one 
alternative  to  different  learning  transfer  percentages. 

®Andelhor,  1969;  Birkler  et  al.,  1993. 
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tured  in  the  processes  used  to  analyze  and  implement  engineering 
changes.  Therefore,  a  reasonable  estimate  for  the  value  7  can  be 
determined  from  an  analysis  of  restarted  production.  Recasting  the 
data  slightly  from  that  reported  in  Birkler  et  al.  (1993),  we  find  that, 
on  average,  64  percent  (percent  Learning  Retained  =  of  the 

overall  learning  (in  hours)  is  retained  for  production  labor,  with  a 
range  of  30-88  percent.  We  use  this  average  (and  range)  as  a 
surrogate  for  7  (the  transferable  portion).  The  remainder  of  learning 
will,  therefore,  be  site-specific.  The  cost  model  does  incorporate 
flexibility  in  implementing  different  assumptions  about  learning 
transfer,  so  further  sensitivity  analysis  on  all  cases  from  zero  to 
complete  learning  transfer  can  be  tested. 

Commonality  of  Variants.  The  original  vision  of  the  JSF  program 
included  the  cost  advantages  of  having  three  variants  of  a  single  air¬ 
craft  meet  the  needs  of  the  Air  Force,  Navy,  and  Marine  Corps,  rather 
than  having  each  service  pay  for  separate  development  and  produc¬ 
tion  programs.  Commondity  among  the  variants  is  expected  to  save 
significant  design  and  production  costs  (and  perhaps  maintenance 
costs  for  the  life  of  the  aircraft).  For  the  production  costs  specific  to 
FACO,  these  benefits  should  also  apply. 

To  represent  the  effect  of  the  commonality  among  the  three  variants, 
each  of  the  components  of  labor  is  determined  in  the  model  by  a 
combination  of  a  common  and  a  unique  learning  curve.  We  treated 
“cousin”  aspects  of  commonality  as  “common”  because  the  assem¬ 
blies  are  similar  enough  to  allow  for  learning  transfer  among  cousin 
parts.^  In  particular,  while  cousin  parts  might  have  internal  differ¬ 
ences  that  affect  cost  during  the  fabrication  or  subassembly  process, 
the  interface  properties  of  cousin  assemblies  and  parts  are  extremely 
close  or  identical.  Therefore,  the  shared  learning  among  variants  is 
expected  to  be  high  for  FACO  activities.  (The  JSF  Program  Office 
accepted  this  approach  of  treating  common  and  cousin  aspects  simi¬ 
larly  as  appropriate  for  FACO  activities.)  The  formulation  of  the 
common  and  unique  learning  equation  is  analogous  to  equation  2a. 


^Common  parts  are  exactly  the  same  among  variants.  Unique  parts  are  completely 
different— the  STOVL  lift  fan  is  one  example.  Cousin  parts  are  similar  in  shape  and 
size  but  may  vary  slightly.  Thicker  spars  for  increased  strength  on  the  CV  offer  one 
example. 


132  FACO  Alternatives  for  the  Joint  Strike  Fighter 


The  equation  for  one  variant  (if  all  production  were  produced  at  one 
site)  would  be, 


Tjirij)  =  Tjil) 


Injshpe)  In  (5/ope) 

^  ln{2)  ln(2) 

Ojrij  +  a-ej)n^^ 


(2b) 


where  ;  is  an  index  of  the  variant,  n^,/is  the  cumulative  production  of 
all  variants,  n^  is  the  cumulative  number  of  variant  j  units  produced, 
Tjinj)  is  the  number  of  hours  for  unit  rip  and  Tj{l)  is  the  number  of 
hours  for  the  first  unit  of  variant 0j  is  the  work  fraction  unique  for 
the  v^iant;.  We  based  the  values  for  Oj  on  commonality  values  for 
the  airframe  as  provided  by  the  Program  Office.  The  percent  unique 
values  are  13.3  percent  for  CTOL,  48.1  percent  for  CV,  and  34.4  per¬ 
cent  for  STOVL. 

Generalizing  equations  2a  and  2b  into  a  combined  formulation,  we 
arrive  at 


Tjinj  i)  =  Tj  il) 


In(slope)  In  (s/opg) 

Mslope)  [nislope) 

ejil-y)n.^  +  il-ej)il-Y)nJ-^^^ 


>  (2c) 


where;  is  the  index  of  variant  and  i  is  the  index  of  location,  n^/z^^is 
the  cumulative  number  of  units  produced  of  all  variants  at  all  loca¬ 
tions,  njaiiis  the  cumulative  number  of  units  produced  of  variant;  at 
all  locations,  naujis  the  cumulative  number  of  units  produced  of  all 
variants  at  location  i,  rijj  is  the  cumulative  number  of  units  produced 
of  variant;  at  location  i,  Tjinjj)  is  the  number  of  hours  for  unit  njj, 
and  Tjil)  is  the  number  of  hours  for  the  first  unit  of  variant ;, 
assumed  to  be  location  independent. 


Indirect  Costs 

Indirect  costs  consist  of  overhead,  G&A  expenses,  and  other  compo¬ 
nents  of  indirect  cost  listed  later  in  this  report.  Overhead  costs,  the 
larger  of  the  two,  are  costs  related  to  fabrication  and  assembly  activi¬ 
ties,  but  cannot  be  allocated  on  a  direct  basis  to  a  particular  product 
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for  reasons  of  either  practicality  or  accounting  convention.  Over¬ 
head  includes  the  costs  of  fringe  benefits,  indirect  labor,  deprecia¬ 
tion,  building  maintenance  and  insurance,  computer  services, 
supplies,  travel,  and  so  forth.^^  G&A  expenses  relate  more  to  the 
company  as  an  entity  and  may  not  relate  to  activity  levels  at  only  one 
plant.  The  G&A  expenses  include  such  general  business  costs  as 
executive  salaries,  human  resources  costs,  and  the  costs  of  such  staff 
services  as  legal,  accounting,  public  relations,  and  financial  func¬ 
tions.  G&A  costs  are  generally  incurred  and  accounted  for  at  a  cor¬ 
porate  level,  whereas  overhead  is  a  site-specific  cost. 

While  these  indirect  costs  are  related  to  and  scale  with  the  total  direct 
labor  for  a  site,  the  relationship  is  not  strictly  linear.  Indirect  costs 
include  both  fixed  and  variable  components.  As  the  number  of 
direct  labor  hours  at  a  site  increases,  the  overhead  and  G&A  rates 
decrease  because  the  fixed  costs  are  spread  over  a  greater  number  of 
hours.  To  reflect  the  relationship  between  direct  hours  and  the  indi¬ 
rect  cost  rates,  we  use  the  following  formulation: 


ratCi 


A 

Total  Hours 


(3) 


where  rateiis  the  indirect  rate,  and  Ai  and  Bi  are  constants.  To 
determine  these  constants,  we  surveyed  each  of  the  potential  sites 
for  their  rate  information  and  the  sensitivity  of  those  rates  to  changes 
in  labor  base.  The  constants  Ai  and  for  each  site  were  determined 
by  fitting  these  data  (the  FY  2001  rate  at  several  hypothesized  labor 
hour  levels)  to  equation 

By  using  the  current  indirect  rate  information  from  each  of  the  sites, 
we  assume  that  no  significant  changes  to  the  site  or  its  business 
structure  will  occur.  This  assumption  is  very  tenuous;  almost  cer¬ 
tainly,  changes  will  occur  in  what  each  site  produces  over  the  next 


l^^DSMC,  2001. 

^'^Contract  Pricing  Reference  Guides,  Department  of  Defense  Procurement  Web  site, 
http;//www.acq.osd.mil/dp/cpf/pgvl_0/pgv4/pgv4c2.html  (last  accessed  May  30, 
2002). 

^^We  are  not  able  to  present  the  results  of  this  analysis  because  the  results  are 
business-sensitive  to  each  of  the  firms. 
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few  decades.  However,  it  is  impossible  to  predict  what  these  changes 
might  be  over  the  20-plus  years  of  JSF  production,  which  does  not 
even  begin  until  FY  2006.13  The  potential  FACO  sites  did  provide  a 
workload  forecast  for  the  next  five  years.i^  We  have  assumed  a  flat 
workload  after  the  fifth  year.  This  is  the  best  estimate  we  can  make  at 
this  time. 

The  FACO  activities  for  JSF  will  also  change  the  fixed  component  of 
overhead  for  the  sites.i^  For  example,  some  new  facilities  will  be 
necessary,  which  will  lead  to  additional  depreciation  charges,  fi'an- 
chise  taxes,  and  property  taxes.  For  the  changes  to  the  fixed  compo¬ 
nents  of  indirect  costs  caused  by  FACO,  we  will  calculate  each  item 
explicitly  and  add  it  to  the  overhead  costs  (from  equation  3)  to 
determine  a  new  effective  overhead  rate.  This  separate  accounting 
was  done  to  isolate  the  effects  of  these  costs.  These  explicitly  mod¬ 
eled  components  of  overhead  (discussed  later  in  this  chapter)  are 

•  facilities  depreciation 

•  franchise  taxes 

•  property  taxes 

•  sales  and  use  taxes 

•  tax  credits 

•  additional  power  costs 

•  environmental  costs. 

Given  that  increasing  the  workload  at  a  site  typically  lowers  indirect 
rates,  a  benefit  accrues  to  other  government  programs  at  JSF  FACO 
sites.  The  increased  workload  will  decrease  the  allocated  indirect 
costs  for  these  programs.  We  calculate  the  indirect  cost  savings  for 
these  programs  as  the  difference  between  rates  with  and  without  the 


^^The  14  SDD  aircraft  will  be  built  before  then. 

We  have  also  .assumed  that  all  FACO  work  for  a  given  fiscal  year  lot  is  completed  in 
one  calendar  year.  FACO  is  expected  to  take  only  about  40  days,  so  overlap  would  be 
relatively  insignificant.  However,  there  is  an  offset  of  two  years  between  the  fiscal  year 
(year  of  purchase)  and  the  year  that  FACO  activities  complete  for  the  lot. 

^^The  formulation  of  G&A  expenses  is  assumed  to  be  unaffected  by  FACO  activities _ 

that  is,  the  fixed  portions  of  G&A  costs  do  not  change  when  FACO  work  is  added. 
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FACO  activities,  multiplied  by  an  average  direct  wage  rate  and  the 
number  of  forecast  hours  for  the  other  work. 

We  also  include  as  part  of  the  indirect  cost  calculations  the  following: 

•  fringe  benefit  costs^®  (e.g.,  vacation,  health  insurance,  workers’ 
compensation  insurance,  FICA). 

•  facilities  cost  of  money  (COM) . 

•  overtime  premium. 

•  marketing  fees. 

•  hiring  and  training  costs. 

These  indirect  costs  are  added  based  on  current  Lockheed  Martin 
Aero  and  Northrop  Grumman  practices  as  agreed  with  the  DCMA. 

Investments:  Facilities,  Equipment,  and  Tooling 

To  undertake  FACO  activities  for  JSF  production,  a  site  will  need  a 
variety  of  facilities,  equipment,  and  tooling  investments,  which  were 
described  in  Chapter  Three.  There  are  two  general  types  of  invest¬ 
ments: 

•  Contractor-owned.  These  investments  are  not  specific  to  the  JSF 
program— i.e.,  they  could  be  used  for  other  aircraft  production 
programs.  An  example  of  such  an  investment  is  a  paint  facility. 
Contractor-owned  facilities,  equipment,  and  tooling  are  typically 
subject  to  property  and  sales  taxes.^^  Cost  recovery  for  these 
items  is  through  depreciation  and  cost  of  money  components  of 
overhead. 

•  Government-owned.  These  investments  are  specific  to  JSF 
FACO  activities.  An  example  of  a  government-owned  investment 
is  unique  tooling  used  for  JSF  FACO  work.  Government- owned 
items  are  not  subject  to  sales  and  property  tax  (although  some 


l^While  fringe  benefit  costs  could  be  considered  “direct  charges,”  Lockheed  Martin 
Aero  applies  a  uniform  rate  to  the  direct  labor  dollars  for  purposes  of  billing. 

^^As  described  in  Chapter  Six,  real  property  (e.g.,  a  building)  is  not  subject  to  sales  tax, 
regardless  of  ownership. 
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states  [California,  for  example]  levy  a  "possessor"  tax  on  such 
items).  The  government  generally  reimburses  the  contractor  in 
full  for  these  investments. 

The  investment  cost  at  each  site  is  modeled  as  a  function  of  the  rate 

of  production  at  the  site.  For  example,  the  manufacturing  floor 

space  required  will  increase  as  the  annual  production  rate  increases. 

We  used  three  steps  to  determine  investment  costs: 

•  Determine  requirement.  Based  on  the  maximum  rate  that  a  site 
will  produce  over  the  entire  production  run,  we  determine  a 
required  level  of  investment  at  a  site.i^  Rate  dependence  is 
modeled  as  a  step  function.  For  a  value  between  two  steps,  the 
requirement  is  linearly  interpolated.  The  step  function  can  have 
arbitrary  form  and  can  include  only  one  step.  For  example,  a 
STOVL  pad  is  a  requirement  for  each  facility  where  FACO  activi¬ 
ties  for  that  variant  will  take  place.  One  pad  is  sufficient  to  han¬ 
dle  the  highest  total  annual  rate  now  planned  for  that  variant. 

•  Determine  facilities/equipment/tooling  already  available. 
Some  sites  might  have  existing  infrastructure  not  currently  being 
used  and  not  set  aside  for  other  work  or  programs;  therefore,  a 
particular  investment  might  be  reduced  or  not  needed  at  all. 
This  step  determines  the  facilities,  equipment,  and  tooling 
existing  at  a  site.  This  information  was  obtained  though  surveys 
submitted  to  the  sites  and  through  follow-up  data  collection  with 
the  sites. 

•  Calculate  cost  of  needed  investment.  If  the  requirement  exceeds 
that  already  available,  the  site  will  need  to  add  an  investment. 
We  estimated  the  cost  of  such  additions  based  on  existing  infor¬ 
mation  on  such  factors  such  as  dollars  per  square  foot,  dollars 
per  unit,  etc.  Lockheed  Martin  provided  most  of  this  investment 
cost  information. 


®The  investments  have  been  treated  as  onetime  investments,  although,  in  practice 
sites  could  build  up  facilities  incrementally.  However,  because  the  production  profile 
for  the  JSF  builds  to  a  full  rate  by  2012  and  remains  rather  flat  after  that,  this  should 
not  significantly  affect  the  calculations.  Also,  we  assume  that  assets  are  not  trans¬ 
ferred  between  sites. 
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Three  other  variables  are  tracked  along  with  the  investment  costs: 
depreciation,  residual  asset  value,  and  operations  and  maintenance 
costs.  Depreciation  is  tracked  because  it  is  an  allowable  overhead 
expense  for  contractor- owned  items.  Therefore,  adding  contractor 
investments  to  a  site  will  increase  the  overhead  rate  through  in¬ 
creased  depreciation. 

Some  states  have  property  taxes  on  manufacturing  equipment. 
Therefore,  the  residual  asset  value  must  be  tracked  for  a  new  con¬ 
tractor-owned  investment  to  estimate  the  property  tax  implications 
(property  tax  itself  is  an  allowable  cost  charged  to  the  government). 
The  residual  value  for  a  contractor-owned  investment  is  also  tracked 
to  calculate  the  appropriate  facilities  cost  of  money,  which  is  part  of 
overhead.  Each  year,  the  residual  asset  value  for  these  FACO-specific 
facilities  is  multiplied  by  the  COM  rate  to  determine  the  COM  charge. 
We  assume  the  rate  to  be  5.5  percent.!^ 

Some  investments  might  require  significant  annual  maintenance  or 
have  significant  operating  expenses.  An  example  of  such  an  invest¬ 
ment  would  be  a  thermal  oxidizer  for  pollution  control  of  VOCs. 
These  units  require  a  large  amount  of  natural  gas  to  operate  and  are 
expensive  to  maintain.  We  assume  that  the  annual  level  of  opera¬ 
tions  and  maintenance  cost  is  a  function  of  the  size  of  the  facility  or 
investment. 

Table  9.1  summarizes  the  contractor- owned  investments  tracked 
along  with  the  specific  depreciation  and  cost  methodology  used,  as 
well  as  the  variants  whose  production  requires  these  assets.  Table 
9.2  summarizes  the  government- owned  investments.  As  these  items 
are  not  depreciated  and  are  general  to  all  variants,  depreciation 
method  and  variant  requirement  are  not  shown. 

Taxes  and  Incentives 

Each  state  has  unique  accounting  rules  for  taxation  that  include  dif¬ 
ferent  tax  rates  and  different  definitions  of  taxable  income.  For  any 


^^This  is  the  current  (2002)  COM  rate  as  published  by  the  U.S.  Department  of  the 
Treasury.  See  http;//www.publicdebt.treas.gov/opd/opdprmt2.htm  (last  accessed 
May  20,  2002). 
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Table  9.1 

Investments  Required  for  FACO  (Contractor-Owned) 


Item 

Cost  Factor 

Depreciation  Type® 

Variants 

Manufacturing  space 

$/sqft 

Plant/hangars/storage 

All 

Flight  ops  run  stations 

$/unit 

Plant  /  hangars  /  storage 

All 

Paint  facility  building 

$/sqft 

Plant/hangars/storage 

AU 

Robotic  paint  equipment 

$/unit 

Cranes/other  equipment 

All 

Paint  pollution  control 

$/unit 

Cranes/other  equipment 

All 

Storage  hangars 

$/sqft 

Plant/hangars/storage 

AH 

Administration  space 

$/sqft 

Plant  /  hangars  /storage 

All 

Low-observable 

verification  building 

$/sqft 

Plant/hangars/storage 

All 

Low-observable  turntable 

$/unit 

Cranes/other  equipment 

All 

Runway  arresting  gear 

$/unit 

Cranes/ other  equipment 

All 

Fuel  bam 

$/sqft 

Plant  /  hangars  /storage 

All 

270V  power  transformer 

$/unit 

Cranes/other  equipment 

All 

Hover  pit 

$/unit 

Cranes/other  equipment 

STOVL 

Hover  pad 

$/unit 

Cranes/other  equipment 

STOVL 

“The  depreciation  rates  for  these  categories  come  from  IRS  Pub  946,  Chapter  3,  at 
httpif  /wvw.irs.gov.  The  details  are  covered  in  the  discussion  on  facilities. 


Table  9.2 

Investments  Required  for  FACO  (Government-Owned) 


Item 

Cost  Method 

Hydraulic  test  system— Aircraft  level 

$/unit 

Laser  trackers 

$/unit 

Surface  finish  and  appliqu^  testing 

$/unit 

General-purpose  test  equipment 

$/unit 

Avionics  diagnostic  equipment 

$/unit 

Mate  alignment  tool 

$/unit 

Dollies  and  stands 

$/unit 

Support  equipment 

$/unit 

Maintenance  test  equipment — Direct 

$/unit 
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two  sites  in  different  states,  taxes  can  be  quite  different,  even  if  the 
manufacturing  operations  are  identical.  To  assess  the  effect  of  taxes 
on  different  FACO  strategies,  we  include  in  the  model  four  kinds  of 
tax  treatments:  franchise  taxes,  property  taxes,  sales  and  use  taxes, 
and  state  and  local  incentives  (which  take  the  form  of  tax  credits  and 
other  kinds  of  benefits— i.e.,  negative  taxation  in  these  cases) .20 
These  issues  were  discussed  in  more  detail  in  Chapter  Six. 

Franchise  taxes  are  payments  to  a  state  for  operating  a  revenue¬ 
generating  entity  in  that  state.  These  taxes  are  analogous  to  federal 
corporate  income  taxes.  Determining  the  state-by-state  taxable  por¬ 
tion  of  income  for  a  company  that  has  a  presence  in  multiple  states  is 
an  intricate  process.  Most  states  use  an  apportionment  formula  to 
determine  the  fraction  of  the  company’s  total  income  that  is  taxable 
by  that  state.  The  formula  is  based  on  the  fraction  of  assets,  sales, 
and  labor  that  the  company  has  in  the  state.  Each  state  being  con¬ 
sidered  in  this  analysis  applies  different  weights  to  these  compo¬ 
nents. 

To  understand  fully  the  franchise  tax  implications  of  alternative 
FACO  strategies,  we  would  need  detailed  financial  data  for  all  facili¬ 
ties  of  the  companies  involved.  Such  calculations  and  data  gathering 
are  not  practiced  within  the  scope  of  this  study  and  would  involve 
considerable  insight  and  involvement  from  the  contractors’ 
corporate-level  tax  experts.  Therefore,  we  have  taken  the  following 
approach  to  estimating  the  change  in  the  fi:anchise  tax  a  company 
would  pay  if  it  added  FACO  activity  in  any  given  state.  We  assume 
that  the  additional  tax  equals  the  state’s  corporate  income  tax  rate 
multiplied  by  the  fee  associated  with  FACO.  The  state  corporate 
income  tax  rates  were  provided  in  Table  6.1. 

This  franchise  tax  simplification  has  drawbacks.  One  is  that  it  does 
not  reflect  the  effect  of  different  states’  weighting  formulas.  Because 
each  state  has  a  different  formula,  one  state  might  apportion  more  or 
less  income  to  itself  for  identical  operations  compared  with  another 
state.  Another,  subtler,  effect  is  that  companies  can  use  losses  from 


2*^Because  this  analysis  assesses  the  cost  to  DoD  eind  not  the  net  cost  to  the  govern¬ 
ment,  we  do  not  include  federal  income  taxes.  It  should  also  be  noted  that  federal 
income  taxes  are  not  allowable  costs. 
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Other  states  and  even  other  countries  to  reduce  income  in  any  given 
state.  The  apportionment  formula  is  based  on  total  corporate 
income. 

Property  tax  calculations  are  more  straightforward  than  franchise  tax 
calculations.  As  discussed  above  (under  “Investments”),  the  model 
tracks  the  residual  asset  value  (original  cost  minus  accumulated 
depreciation)  of  FACO  property  over  time.^i  Property  taxes  are  cal¬ 
culated  as  the  product  of  residual  asset  value  and  the  property  tax 
rate  (see  Table  6.1).  The  reader  should  note  that  this  calculation  is 
based  only  on  contractor-owned  investments,  not  the  tooling  and 
equipment  owned  by  the  government.  The  exception  is  California, 
where  the  contractor  is  charged  a  possessor  tax  for  government- 
owned  items. 


State  sales  and  use  taxes  apply  to  some  contractor- owned  invest¬ 
ments.  As  described  in  Chapter  Six,  some  states  exempt  manufactur¬ 
ing  equipment  as  well  as  real  property  from  these  taxes.  We  deter¬ 
mine  a  sales  tax  for  each  investment,  if  appropriate,  by  multiplying 
the  purchase  price  by  the  local  rate. 

Certain  states  offer  tax  credits  as  an  incentive  to  increase  local  work¬ 
forces.  For  every  new  employee,  the  company  is  given  a  onetime  tax 
credit.  For  the  FACO  model,  we  determine  the  number  of  FACO 
workers  based  on  total  number  of  required  work  hours  divided  by 
the  standard  hours  per  year  worked.  Based  on  that  head  count,  we 
calculate  the  employment  credit  assuming  the  number  of  new  hires 
that  will  likely  be  needed  by  each  site,  which  was  provided  during  the 
site  visits. 

States  sometimes  offer  investment  tax  credits  to  companies  for  new 
plants,  facilities,  and  equipment.  These  credits  are  typically  a  per¬ 
centage  of  the  total  investment  cost.  Using  the  investment  costs 
described  above,  we  calculate  the  investment  credit  by  multiplying  it 
by  the  credit  percentage,  where  appropriate,  and  use  it  to  reduce  the 
net  franchise  tax  at  site. 
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As  a  simplification,  we  have  used  a  common  set  of  depreciation  schedules  for  all 
sites,  based  on  Internal  Revenue  Service  rules. 
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Environmental  and  Permitting  Costs 

For  FACO,  the  major  environmental  issues  are  VOC  emissions  result¬ 
ing  from  painting  and  finishing  activities  and  noise  from  flight  tests. 
Environmental  and  permitting  issues  can  add  to  overall  FACO  costs 
through  such  requirements  as  permit  fees,  preparation  and  mainte¬ 
nance  time,  and  required  equipment  and  facilities  for  pollution 
abatement.  These  costs  are  difficult  to  assess  and  forecast  because 
few  companies  typically  track  them  separately  as  a  direct  expense  by 
program.  Instead,  environmental  costs  are  usually  part  of  overhead 
and  are  shared  among  all  the  work  at  one  site. 

Because  we  had  no  other  method  to  estimate  these  costs,  we  used 
data  provided  by  the  contractor.  Equipment  needed  for  FACO- 
driven  environmental  reasons  is  included  in  the  “investment”  cate¬ 
gory.  Permit  fees  are  set  by  the  state  in  Texas  and  Georgia  and  by  the 
Air  Quality  Management  District  in  California.  For  each  location, 
Lockheed  Martin  provided  an  estimate  of  the  permit  preparation 
time  and  filing  fees.  For  the  Palmdale  site,  these  preparation  costs 
are  higher  because  Lockheed  Martin  anticipates  the  need  to  file  an 
EIS.  Lockheed  Martin  also  estimated  the  annual  recurring  permit 
costs  and  fees  for  each  location.  These  costs  have  been  included  in 
the  model. 

Noise  regulations  do  not  have  an  associated  cost  in  the  model.  As 
discussed  in  Chapter  Seven,  noise  restrictions  may  limit  or  restrict 
flight-test  activities. 

Transportation 

Typically,  the  majority  (50-70  percent)  of  the  value  of  any  aircraft  is 
produced  by  subcontractors  and  then  incorporated  into  the  aircraft 
by  the  primary  assembler.  In  the  case  of  the  JSF,  where  Lockheed 
Martin  is  teaming  with  Northrop  Grumman  and  BAE  Systems,  the 
portion  that  the  prime  contractor  is  contributing  is  even  lower  than 
average.  The  company  estimates  that  it  will  have  an  18-percent 
share  of  the  total  production  value.  Hence,  much  of  the  material, 
purchased  equipment,  and  major  subassemblies  for  the  production 
of  the  JSF  aircraft  are  manufactured  at  locations  other  than  Fort 
Worth,  and  must  be  shipped  to  Fort  Worth  or  whichever  FACO  site  is 
used.  Moving  the  FACO  site  or  adding  additional  sites  will  change 
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the  cost  for  shipping  these  items.  The  major  components  that  must 
be  available  to  each  FACO  site  include 

•  forward  fuselage 

•  center  fuselage 

•  aft  fuselage  and  tail 

•  wings 

•  edges 

•  doors 

•  weapons  bay  doors 

•  engines 

•  radar. 

Changes  of  FACO  location  may  change  transportation  costs.  For 
example,  Lockheed  Martin  plans  to  build  many  of  the  components 
for  which  it  is  responsible,  such  as  the  wings  and  forward  fuselage,  at 
its  Fort  Worth  facility.  If  this  location  is  the  FACO  site,  these  items 
will  have  no  transportation  costs.  For  other  FACO  sites,  these  items 
will  need  to  be  shipped  to  the  assembly  location. 

Lockheed  Martin  plans  for  truck  delivery  of  all  components.  For 
overseas  sources,  we  assume  that  these  items  are  transported  by 
container  ship  to  a  common  port—Houston.  From  that  port,  the 
items  are  trucked  to  the  various  FACO  sites. 

We  developed  a  cost- estimating  relationship  (CER)  to  evaluate  these 
trucking  costs.  We  obtained  notional  quotes  to  ship  partial  truck- 
loads  of  subassemblies  from  their  source  (source  locations  were 
provided  by  Lockheed  Martin)  to  the  various  potential  locations.22 
We  also  determined  the  driving  distance  between  sites.23  The  CER 
incorporated  into  the  cost  model  is 

In(Cost)  =  0.556  +  0.568  x  In(Volume)  +  0.392  x  In(Distance),  (4) 


^^Source:  http: / /www. transportation. com. 
^Source:  http://www.mapquest.com. 
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where, 

•  Cost  is  in  FY  2002  dollars. 

•  Volume  is  in  cubic  feet. 

•  Driving  distance  is  in  miles. 

r2  was  0.91  with  a  root  mean  square  error  of  0.21. 

Crate  return  costs,  if  needed,  are  expressed  as  a  percentage  of  the 
initial  shipping  value. 

Power 

While  electrical  power  is  typically  an  indirect  cost  charged  through 
overhead,  we  have  estimated  power  costs  of  FACO  activities.  The 
estimate  has  two  components.  The  first  is  a  general  facility  demand 
based  on  square  footage  of  manufacturing  space.  The  power  esti¬ 
mate  for  this  purpose  is  31.2  kWh  per  square  foot  per  year,  which  is 
independent  of  the  annual  production  rate  (this  power  is  mostly  for 
lighting  and  heating  and  air  conditioning  and,  therefore,  the  power 
usage  is  based  on  facility  size).  The  second  component  of  power  cost 
depends  on  the  annual  rate,  consisting  of  the  power  for  high- draw 
equipment  needed  for  FACO  activities.  This  equipment  includes  run 
stations,  the  fuel  facility,  the  paint  facility,  and  low-observable  test¬ 
ing  equipment.  Each  piece  of  equipment  has  a  power  usage  per  year 
per  station.  Each  station  is  assumed  to  operate  at  full  capacity  or  not 
at  all.  The  number  of  stations  assumed  to  operate  in  a  year  depends 
on  the  number  of  JSF  aircraft  produced.  For  example,  a  total  of  eight 
paint  stations  might  be  at  a  site,  but  only  six  may  be  used  due  to 
workload.  At  the  time  this  report  was  written,  Lockheed  Martin  was 
unable  to  determine  the  power  usage  for  each  of  these  facilities.  As 
an  approximation,  we  used  the  same  average  power  usage  per  square 
foot  as  given  above  for  these  items.  To  arrive  at  a  power  cost,  the 
added  power  demand  for  the  year  is  multiplied  by  the  site’s  power 
rate  (dollars  per  kWh).  We  assume  that  the  power  rates  remain 
stable  (in  constant  dollars)  over  the  production  run  because  it  is  dif¬ 
ficult  to  forecast  future  utility  prices. 
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Management  and  Supplier  Support 

Having  multiple  FACO  locations  will  result  in  additional  manage¬ 
ment,  oversight,  travel,  and  communications  effort  by  Lockheed 
Martin  and  its  suppliers.  To  estimate  these  costs,  we  assume  that  a 
fixed  number  of  dedicated  prime  contractor  management  represen¬ 
tatives  will  be  on  site  to  run  the  FACO  activities  at  any  location  out¬ 
side  Fort  Worth.  The  estimate  in  the  model  is  that  14.0  full-time 
equivalents  (FTEs)  would  be  required  for  Lockheed  Martin  represen¬ 
tation  the  first  year  of  production  and  7.0  FTEs  per  year  thereafter. 
The  additional  7.0  FTEs  for  the  first  year  are  caused  by  the  setup  bur¬ 
den.  To  arrive  at  an  estimate  of  the  effect  of  the  support  costs  of 
management  representation  on  site,  the  total  FTE  value  was  multi¬ 
plied  by  an  estimated  cost  of  $150,000  per  manager  (fully  burdened). 

Having  supplier  representatives  on  site  to  serve  their  customers  is 
becoming  an  increasingly  common  manufacturing  practice.  We 
assume  that  the  JSF  program  will  have  supplier  representatives  on 
site  and  estimate  that  5.0  FTEs  are  required  per  year.  (The  cost  of  the 
supplier  representatives  typically  would  be  included  in  the  price  of 
the  component;  however,  as  we  do  not  include  the  cost  of  the  major 
subassemblies  in  our  analysis,  we  treat  these  costs  as  a  direct  cost  to 
the  government.) 

Fee 

The  last  element  to  discuss  is  fee.  Fee  represents  the  "profit”  earned 
by  the  contractor  on  the  cost  of  the  work  performed.  Typically,  the 
fee  is  negotiated  between  the  government  and  the  contractor 
beforehand.  To  determine  a  total  price,  we  apply  a  fixed  fee  to  the 
direct  labor,  support  labor,  and  indirect  costs.  We  assume  that 
transportation  costs  and  tooling  and  equipment  costs  are  passed 
directly  through  to  the  government  (i.e.,  no  fee  added)  with  adminis¬ 
tration  expenses  associated  with  those  purchases  already  included  in 
the  indirect  rates. 
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MODEL  STRUCTURE 
Interaction  Among  Cost  Elements 

Figure  9.1  illustrates  the  relationships  among  the  nine  cost  elements 
as  implemented  in  the  model.  Note  that  we  have  split  investments 
into  two  boxes  (government-owned  and  contractor-owned)  for  ease 
of  presentation. 

We  now  discuss  the  logic  of  some  of  these  connections.  The  site’s 
FACO  production  plan  for  a  facility  will  determine  the  needed 
investment  in  facilities,  tooling,  and  equipment  (both  contractor- 
owned  and  government- owned)  necessary  for  the  various  activities. 
The  greater  the  rate  of  production  at  a  site,  the  more  investment  will 
be  necessary.  These  investment  costs  may  be  for  JSF-specific  items 
(government- owned)  and,  therefore,  are  charged  directly  to  the  pro¬ 
gram.  Other  investments  (contractor-owned)  get  recovered  through 
depreciation  charges  in  overhead.  Certain  investments  might  be  tax¬ 
able  as  property  and/or  qualify  for  investment  credits — thus  the 
linkage  to  taxes  and  benefits.  The  major  investments,  such  as  facili¬ 
ties  and  equipment,  will  require  power  for  operation.  So,  adding 
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Figure  9.1 — Relationships  Between  FACO  Cost  Elements 
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these  types  of  investments  increases  power  costs  at  the  site.  Because 
power  costs  are  included  in  overhead,  the  overhead  costs  further  rise 
with  new  investment. 

Another  example  is  environmental  and  associated  permitting  costs. 
The  rate  of  production  will,  quite  obviously,  affect  emissions  and 
waste-generation  levels  and  therefore  a  site’s  facilities.  Environmen¬ 
tal  and  permitting  issues  also  have  an  additional  indirect  impact 
through  overhead.  Indirect  personnel  are  needed  to  file  and  main¬ 
tain  permits  as  well  as  to  monitor  compliance.  Furthermore,  annual 
fees  associated  with  a  permit  must  be  paid.  Finally,  some  environ¬ 
mental  cost  is  directly  coupled  with  production  rate.  It  may  be  nec¬ 
essary  to  purchase  environmental  "credits"  for  certain  activities 
(such  as  painting)  as  the  production  rate  increases  beyond  a  certain 
level. 

Direct  labor  for  FACO  production  offers  another  example.  As  with 
the  other  elements,  the  direct  hours  will  scale  with  the  production 
rate  at  the  site.  The  direct  hours  for  the  work  will  affect  the  site’s 
overhead  and  G&A  rates.  Tax  implications  exist  for  the  direct  hours 
as  well.  The  fee  earned  from  the  labor  will  count  as  taxable  income 
for  the  firm.  Another  potential  effect  of  the  additional  workload  is  to 
increase  employment  at  the  site.  If  the  current  workforce  cannot 
accommodate  the  number  of  added  hours,  the  firm  will  need  to  hire 
new  workers.  Also,  some  states  provide  tax  credits  for  new  hires 
under  certain  circumstances.  Therefore,  increasing  workload  at  a 
site  may  result  in  some  additional  tax  credits  as  well  as  additional 
training  costs  for  the  firm. 

FACO  Production  Strategy  Assumptions 

We  made  several  assumptions  about  how  work  would  be  allocated 
among  multiple  sites  in  this  study.  We  assumed  that  FACO  produc¬ 
tion  would  employ  a  "leader-foUower"  approach.  That  is,  Lockheed 
Martin  would  begin  FACO  activities  of  the  JSF  aircraft  at  its  Fort 
Worth  site  (Ae  leader)  by  producing  all  of  the  SDD  aircraft  there.  At 
some  later  time,  other  sites  could  begin  FACO  activities  for  the  JSF. 
This  approach  is  supported  by  the  SDD  contract  awarded  to  Lock¬ 
heed  Martin  on  October  26, 2001,  which  included  no  language  refer¬ 
ring  to  restrictions  on  production  locations.  Lockheed  Martin  has 
publicly  stated  that  it  intends  to  do  this  work  at  its  Fort  Worth  facility. 
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(We  also  have  no  way  to  estimate  the  costs  to  change  the  contract  so 
that  it  includes  a  requirement  to  perform  FACO  at  another  location.) 

The  RAND-developed  model  was  flexible  enough  to  analyze  the  costs 
of  running  one  to  four  FACO  locations,  with  any  site  able  to  build  any 
percentage  of  the  total  production  for  each  JSF  variant  (0-100  per¬ 
cent).  The  range  of  possibilities  includes  the  following: 

•  Equal  percentages  of  each  variant  per  year  per  site,  so  that  all 
sites  would  perform  FACO  on  equal  numbers  of  variant  aircraft 
over  the  entire  forecast  JSF  production  (subject  to  minor  annual 
variations  because  we  assume  each  site  would  produce  a  whole 
number  of  aircraft  each  year). 

•  Allowing  one  site  to  perform  FACO  for  all  of  one  or  more  variants 
during  the  entire  forecast  production,  which  would  lead  to  dif¬ 
ferent  numbers  of  JSF  aircraft  being  produced  by  site  in  some 
years  because  of  the  phasing  of  the  buy  quantities  by  variant. 

•  Allowing  one  primary  site  to  build  all  the  aircraft  for  any  length  of 
time  in  the  program,  and  then  having  the  subsidiary  sites  split  off 
a  portion  of  the  FACO.  We  assume  the  decision  to  split  the  FACO 
activities  will  be  made  at  one  time  and  will  hold  for  the  remain¬ 
der  of  the  program  life  so  there  will  be  no  later  year-by-year 
variations  in  production  allocation  by  site. 

Figure  9.2  shows  a  sample  time  line  for  FACO  activities.  In  this 
example,  the  primary  site  performs  the  FACO  activities  for  all  pro¬ 
duction  until  a  decision  is  made  to  establish  other  FACO  locations. 
After  the  breakpoint,  the  primary  site  continues  with  the  entire  CV 
and  some  of  the  CTOL  FACO  production.  Site  A  does  all  of  the  FACO 
work  for  the  STOVE  variant  after  the  break.  Site  B  does  the  balance  of 
the  CTOL  FACO  work. 


CONCLUSION 

The  cost  model  contains  significant  flexibility  and  incorporates  a 
wide  variety  of  cost  elements  that  would  potentially  differ  among 
production  sites.  In  the  next  chapter,  we  will  discuss  the  specific 
scenarios  we  analyzed  for  different  JSF  FACO  alternatives  and  the 
results  from  the  analyses  of  these  scenarios. 
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Figure  9.2-— Example  Time  Line  for  FACO  Production 


Chapter  Ten 

RESULTS 


INTRODUCTION 

This  chapter  presents  our  estimates  of  the  cost  implications  of  a 
number  of  alternative  FACO  strategies.  This  analysis  employed  our 
model  of  JSF  FACO  costs  (described  in  Chapter  Nine)  to  quantify  the 
differences  between  strategies.  The  underlying  data  for  the  model 
are  based  on  inputs  from  contractors,  federal  and  state  governments, 
the  JSF  Program  Office,  and  RAND’s  own  data.  The  implications  of 
the  alternative  strategies  are  presented  as  cost  differences  from  the 
current  baseline  plan,  in  which  Lockheed  Martin  performs  all  JSF 
FACO  activities  at  its  Fort  Worth  plant.  We  present  the  costs  of  a 
series  of  alternatives  and  test  the  sensitivities  of  these  results  to  criti¬ 
cal  inputs.  In  no  case  did  DoD  save  money  as  a  result  of  any  strategy 
different  from  the  current  baseline  plan. 

COST  TO  WHOM? 

The  first  step  in  assessing  cost  implications  is  to  decide  precisely 
whose  costs  are  being  included.  For  this  study,  we  can  assess  the 
costs  to  the  following  entities: 

•  U.S.  Department  of  the  Treasury/ taxpayers 

•  DoD 

•  State  treasuries 

•  Contractors 
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•  JSF  program. 

The  total  cost  to  the  U.S.  Treasury  may  be  the  most  useful  approach 
from  a  policy  standpoint,  but,  because  of  the  tremendous  complexi¬ 
ties  in  determining  taxes  for  both  corporations  and  individuals  that 
would  vary  by  location,  this  approach  is  beyond  the  capacity  of  our 
study  to  assess.  Costs  to  DoD  best  reflect  the  budget  implications 
that  a  decisionmaker  will  need  to  evaluate.  For  that  reason,  we  view 
these  costs  as  being  the  most  relevant.  Costs  to  state  treasuries  or  to 
the  contractors  are  not  relevant  to  the  study  guidance,  so  these  costs 
are  not  assessed.  The  most  straightforward  analysis  of  the  strategy 
alternatives  would  be  to  consider  the  cost  effect  on  the  JSF  program 
alone — i.e.,  to  estimate  how  program  costs  would  change  if  any  or  all 
FACO  activities  were  moved  from  Fort  Worth. 

However,  determining  costs  to  the  JSF  program  alone  ignores  the 
interactions  that  occur  among  programs,  which  affect  costs  to  DoD 
as  a  whole.  These  interactions  occur  because  programs  do  not  take 
place  in  isolation.  Most  weapon  system  plants  have  manufacturing 
work  for  more  than  one  program  at  any  time.  For  example,  Lx)ckheed 
Martin's  facility  in  Fort  Worth  will  have  ongoing  F-16  production 
work,  F-22  mid-fuselage  production,  and  JSF  subassembly  work, 
including  the  forward  fuselage  and  wings.  In  Marietta,  Lockheed 
Martin  builds  the  C-130J,  assembles  the  F-22  forward  fuselage,  and 
performs  F-22  FACO.  Northrop  Grumman  performs  depot  mainte¬ 
nance  and  modifications  on  the  B-2  and  produces  the  Global  Hawk 
UAV  in  Palmdale.  Lockheed  Martin  in  Palmdale  conducts  depot 
maintenance  for  the  U-2  and  F-117  and  builds  parts  for  the  F-22  and 
the  JSF.  (This  list  is  not  exhaustive.) 

These  production  interactions  involve  issues  of  existing  and  required 
facilities,  availability  of  workforce,  and  indirect  costs.  From  a  cost 
perspective,  none  of  the  work  takes  place  in  isolation.  For  example, 
costs  for  required  facilities  for  a  new  program  may  vary  depending 
on  when  other  programs  shut  down  and  free  up  existing  facilities. 
Similarly,  if  workers  can  move  from  a  program  that  is  in  the  process 
of  finishing  to  a  new  program,  hiring  and  training  costs  may  be 
minimized.  Having  other  work  at  the  site  means  that  certain  indirect 
costs  (for  example,  plant  management)  are  shared  across  programs. 
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Adding  a  new  program  to  a  typical  site  will  reduce  the  share  of  indi¬ 
rect  costs  that  other  programs  must  pay  at  that  location,  reducing 
their  program  costs  helow  what  they  would  have  been  without  the 
additional  work  from  the  new  program.  Hence,  to  fully  capture  costs 
of  doing  JSF  FACO  work  at  any  location,  one  needs  to  assess  the  costs 
for  both  the  JSF  program  and  other  programs  at  that  location.  If 
work  is  moved  from  one  site  to  another,  the  effect  on  the  initial  site 
needs  to  be  assessed  and  incorporated  into  total  DoD  costs.  DoD 
costs  are  determined  by  a  complex  interaction  among  a  variety  of 
factors,  including  the  fixed  and  variable  costs  that  FACO  adds  to  the 
overhead  (e.g.,  facilities,  power,  taxes),  the  level  of  other  work  at  the 
plant,  and  the  sensitivity  of  the  overhead  rate  to  workload. 

As  discussed  in  Chapter  Five,  overhead  rate  is  an  example  of  a  rate 
that  is  sensitive  to  workload.  The  overhead  rates  at  different  sites 
have  different  sensitivities  to  changes  in  workload.  If  the  sensitivity 
is  large,  additional  work  will  bring  down  the  overhead  rate  more  than 
if  the  sensitivity  is  small.  If  a  location  has  a  large  business  base, 
sensitivity  tends  to  be  low,  and  therefore  additional  work  does  not 
substantially  change  rates.  The  rates  for  a  facility  with  a  smaller 
workload  prior  to  FACO  could  change  more  significantly. 

To  address  these  complexities,  we  will  present  the  costs  of  alternative 
strategies  from  the  two  perspectives  of  the  cost  to  JSF  FACO  and  the 
cost  to  DoD.  The  total  costs  to  the  JSF  program  as  a  whole^  are  not 
calculated  specifically,  but  are  included  in  the  net  cost  to  DoD.  Thus, 
the  DoD  costs  incorporate  the  impact  of  the  alternative  strategies  on 
overhead  costs  for  both  the  JSF  and  other  programs.  This  approach 
comes  closer  to  capturing  the  net  cost  to  the  taxpayer.  The 
DoD  value  is  the  total  effect  on  all  defense  programs  (including  the 
JSF)  at  the  sites  specified  in  each  scenario. 

To  keep  the  basic  report  nonproprietary,  total  dollar  costs  for  each 
alternative  are  not  shown;  rather,  we  present  the  costs  as  differentials 
from  a  baseline  case.  This  approach  allows  us  to  present  results  that 
do  not  divulge  proprietary  data. 


^We  do  not  have  sufficient  information  about  the  JSF  subassembly  work  to  be  con¬ 
ducted  in  Fort  Worth  to  make  this  assessment. 
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FACO  ALTERNATIVES 

Along  with  the  baseline  approach  of  undertaking  all  of  FACO  in  Fort 
Worth,  many  alternative  scenarios  are  possible.  These  range  from 
giving  alternative  sites  100  percent  of  the  work  to  dividing  FACO 
activities  across  three  sites  according  to  some  formula.  As  has  been 
discussed  previously,  the  cost  model  can  assess  alternatives  includ¬ 
ing: 

•  Dividing  JSF  FACO  by  some  percentage  across  multiple  sites. 

•  Dividing  JSF  FACO  by  variant  across  multiple  sites. 

•  Varying  the  point  at  which  the  additional  sites  are  added,  includ¬ 
ing  adding  additional  sites  at  the  beginning  of  LRIP,  at  the 
beginning  of  FRP,  or  at  some  other  time. 

In  this  chapter,  we  present  the  estimated  cost  implications  of  the 
following  nine  alternatives,  which  we  judge  to  represent  reasonable 
bounding  of  the  possibilities: 

1.  100  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  (baseline 
case). 

2.  100  percent  of  FACO  at  Lockheed  Martin-Palmdale. 

3.  100  percent  of  FACO  at  Lockheed  Martin-Marietta. 

4.  100  percent  of  FACO  at  Northrop  Grumman-Palmdale. 

5.  50  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  and  50  per¬ 
cent  at  Lockheed  Martin-Palmdale. 

6.  50  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  and  50  per¬ 
cent  at  Northrop  Grumman-Palmdale. 

7.  50  percent  of  FACO  at  Lockheed  Martin-Fort  Worth  and  50  per¬ 
cent  at  Lockheed  Martin-Marietta. 

8.  All  CTOL  at  Lockheed  Martin-Fort  Worth  and  all  CV  and  STOVL 
at  Lockheed  Martin-Marietta. 

9.  One-third  of  all  production  at  each  of  the  three  Lockheed  Martin 
sites. 


All  the  alternatives  share  the  following  underlying  assumptions: 
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•  Lockheed  Martin-Fort  Worth  does  all  SDD  work,  regardless  of 
subsequent  production- phase  FACO  work  share.  The  company 
has  already  been  awarded  the  SDD  contract,  which  contains  no 
restrictions  on  site  location.  Lockheed  Martin  has  stated  that  it 
intends  to  do  all  the  SDD  FACO-related  work  at  its  Fort  Worth 
site. 

•  Equipment,  tooling,  and  facilities  are  not  moved  between  sites. 
The  most  costly  investments  here  are  the  facilities,  which  would 
be  difficult  and  expensive  to  move. 

•  UK  quantities  are  used  for  learning- curve  and  facility  require¬ 
ments,  but  the  cost  of  the  UK  aircraft  is  not  included  in  these 
results.  Because  this  was  a  congressionally  mandated  study, 
RAND’s  approach  was  that  the  costs  to  the  United  States  were 
the  appropriate  ones  to  analyze. 

•  The  fee  has  not  yet  been  determined  for  the  JSF  program.  Our 
results  are  based  on  an  assumed  value  of  13  percent,  in  line  with 
historical  values  for  aircraft  production  programs. 

•  In  cases  where  100  percent  of  the  work  is  transferred  to  a  site 
other  than  Fort  Worth,  the  work  is  assumed  to  start  at  LRIP. 

•  In  cases  where  work  on  particular  variants  is  split.  Fort  Worth 
performs  all  of  the  LRIP  FACO,  and  the  alternative  site(s)  start 
work  at  the  beginning  of  FRP.  (The  risks  of  splitting  the  initial 
LRIP  aircraft  include  issues  with  controlling  engineering  changes 
across  sites  and  ensuring  that  all  manufacturing  processes  are 
finalized  before  bringing  on  additional  sites.  This  approach 
reduces  the  risk  in  the  coordination  of  engineering  work  across 
sites.) 

•  In  cases  where  variants  are  100-percent  split  by  site,  the  work  is 
assumed  to  start  at  each  site  at  LRIP. 

•  Unless  otherwise  noted,  the  learning  transferred  between  sites  is 
64  percent,  with  a  one-year  lag.  This  value  represents  an  average 
of  historical  experience  with  programs  that  were  stopped  and 
subsequently  restarted— the  best  analogy  for  shared  learning. 

•  Results  are  in  FY  2002  dollars.  Undiscounted  dollars  are  pre¬ 
sented  first,  followed  by  discounted  dollars. 
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Impact  of  FACO  Activities  on  Site  Workload 

FACO  percentage  of  total  work  at  the  site  (including  FACO)  is  pre¬ 
sented  in  Figure  10.1  for  alternatives  1-4.  The  added  work  varies  as  a 
percentage  by  about  20  percent  from  the  largest  effect  to  the  small¬ 
est.  Even  though  FACO  workload  is  a  relatively  small  part  of  the 
labor  hours  required  per  JSF  aircraft,  placing  all  the  FACO  workload 
at  one  location  has  a  significant  effect  on  that  location's  business 
base.  Hence,  moving  the  workload  from  Fort  Worth  does  not  pro¬ 
duce  a  symmetrical  change  in  another  location’s  rates. 


NOTE:  Percentage  is  based  on 


FACO  Workload 

Base  Workload  +  FACO  Workload. 


Figure  10.1— FACO  Workload  Share  for  Alternatives  1-4 
(Baseline  Activities  Without  FACO) 
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Base  Case  Versus  Alternatives 

This  section  addresses  the  basic  cost  questions.  Under  the  alterna¬ 
tive  JSF  FACO  scenarios,  how  much  do  FACO  costs  change  for  the  JSF 
program?  How  much  do  total  costs  change  from  the  total  DoD  per¬ 
spective? 

Table  10.1  shows  the  cost  differences  among  the  various  alternative 
FACO  strategies  from  these  two  perspectives.  Again,  to  avoid  the 
possibility  that  proprietary  data  can  be  derived  from  the  results, 
these  costs  are  presented  as  differences  relative  to  the  baseline,  in 
which  all  FACO  work  is  done  at  Fort  Worth  (i.e.,  alternative  one  is 
defined  to  have  a  cost  “difference”  of  zero). 

One  should  not  interpret  the  differences  as  necessarily  indiceXmg  that 
one  site  is  more  or  less  expensive  or  that  one  producer  is  more  or  less 
costly.  Rather,  the  differences  highlight  the  cost  of  implementing  a 
strategy  other  than  the  baseline  approach.  This  interpretation  is 
particularly  true  for  the  reported  DoD  costs  where  indirect  costs  are 
significant.  For  a  case  that  shows  a  net  positive  (increase)  fi:om  the 
baseline,  the  increased  costs  could  indicate  any  combination  of  the 
following  explanations: 

•  It  is  more  expensive  to  take  work  away  from  the  baseline  facility 
when  the  effect  on  other  programs  is  considered  (effect  on  over¬ 
head  rates). 

•  Inefficiencies  in  splitting  the  production  make  an  alternative 
strategy  more  expensive  (loss  of  learning). 

•  A  facility/ site  requires  a  substantial  investment  that  the  baseline 
site  may  not  require  (having  invested  in  some  facilities  for  SDD 
production). 

•  Manufacturing  costs  (e.g.,  rates  for  labor,  power,  management, 
taxes)  are  lower  at  the  baseline  facility. 

•  Local  environmental  regulations  are  more  strict  at  an  alternative 
location,  leading  to  increased  investment  and/or  recurring  costs. 

•  Additional  management  and  oversight  efforts  are  required  to 
manage  an  additional  manufacturing  location  that  are  not 
required  for  the  baseline  facility. 
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Table  10.1 

Cost  Dififerences  for  Various  FACO 
Alternatives  (millions  FY02$) 


Alternative 

JSF  FACO 
Cost 

DoD 

Cost® 

1.  100%  FACO  LM-FW 

0.0 

0.0 

2.  100%  FACO  LM-P 

4.0 

256.9 

3.  100%  FACO  LM-M 

132.1 

74.1 

4.  100%  FACO  NG-P 

199.0 

656.7 

5.  50%  FACO  LM-FW/50%  LM-P 

310.3 

221.5 

6.  50%  FACO  LM-FW/50%  NG-P 

328.4 

386.4 

7.  50%  FACO  LM-FW/50%  LM-M 

331.8 

117.1 

8.  100%  CTOL  LM-FW/ 100%  CV  and  STOVL  LM-M 

419.1 

134.7 

9.  1/3  production  at  all  three  LM  sites 

501.7 

277.6 

“Includes  cost  effects  from  JSF  FACO. 

NOTE:  For  full  list  of  alternatives,  see  p.  152. 


Table  10.1  shows  that  none  of  the  alternatives  to  performing  100  per¬ 
cent  of  JSF  FACO  in  Fort  Worth  saves  DoD  money.  From  the  pro¬ 
gram  perspective,  it  is  generally  less  expensive  to  do  100  percent  of 
the  work  at  any  one  site.^  Alternatives  involving  proportional  work 
shares  are  usually  more  expensive.  Splitting  the  work  between  three 
sites  leads  to  even  higher  costs.  The  factors  driving  these  costs  are 
the  additional  facilities  needed  and  the  loss  of  learning  from  splitting 
production. 

The  DoD  perspective  is  more  complex  as  the  alternatives  involving 
any  production  in  California  are  the  more  expensive  ones.  Califor¬ 
nia’s  higher  costs  stem  mainly  from  higher  taxes,  slightly  higher  labor 
rates,  more  expensive  electrical  power,  and  stricter  environmental 
requirements. 


Some  of  the  likely  costs  if  all  JSF  FACO  work  were  moved  to  an  alternate  site  are  not 
captured  in  the  model  because  these  are  not  FACO-specific  costs.  For  example,  there 
might  be  some  duplication  of  JSF  program  managers,  and  Lockheed  Martin  might 
incur  the  costs  of  moving  managers  to  the  alternative  site.  These  managers  are  not 
specifically  associated  with  FACO  activities  and  thus  are  not  included  in  our  model — 
but  this  represents  a  likely  additional  cost. 
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Alternatives  where  Northrop  Grumman  perforins  all  or  part  of  FACO 
are  more  expensive  than  where  Lockheed  Martin  performs  the  work. 
This  should  not  be  interpreted  as  Lockheed  Martin  being  necessarily 
a  more  efficient  producer  than  Northrop  Grumman.  A  combination 
of  the  reasons  listed  above  interacts  to  create  this  effect.  It  should 
also  be  noted  that  even  the  most  expensive  alternative  adds  less  than 
10  percent  to  the  cost  of  FACO,  which  is  only  2  percent  of  the  total 
JSF  URF  costs. 

To  understand  the  cost  differences  among  the  alternatives  more 
fully,  it  is  helpful  to  examine  the  contribution  of  each  of  the  FACO 
cost  components.  Tables  10.2  and  10.3  show  the  contribution  of 
each  of  the  major  cost  elements  for  each  of  the  nine  alternatives. 
Table  10.2  shows  the  cost  differences  from  the  perspective  of  the  ISF 
FACO  activity  while  Table  10.3  shows  the  cost  differences  from  the 
DoD  perspective.  Again,  alternative  1  is  where  100  percent  of  JSF 
FACO  work  takes  place  at  Fort  Worth.  Note  that  the  indirect  costs 
and  total  fees  are  the  only  components  that  change  between  the  JSF 
FACO  and  DoD  perspectives. 

We  now  discuss  the  additional  fixed  indirect  costs  incurred  as  a 
result  of  FACO  activities.  Figure  10.2  shows  these  fixed  components 
of  indirect  costs  for  each  scenario.  Facility  costs  make  up  the  largest 
costs.  We  note  that  the  environmental/permitting  category  includes 
only  the  permitting  costs  and  fees.  The  cost  for  emissions-control 
equipment  is  included  in  facilities  depreciation  and  maintenance. 
We  note  also  that  the  additional  taxes  and  power  costs  are  higher  for 
California  sites. 

Sensitivity  Analysis 

We  next  test  the  robustness  of  these  results  by  relaxing  some  of  the 
assumptions  presented  earlier. 

Time  When  Alternative  Sources  Are  Introduced.  The  point  at  which 
the  alternative  sites  start  performing  FACO  activities  influences  the 
magnitude  of  the  change  in  cost.  This  occurs  for  two  reasons.  First, 
the  total  loss  of  learning  is  reduced  if  the  second  site  is  started  later. 
Second,  existing  facilities  currently  used  become  available  as  other 
programs  ramp  down.  (For  example,  when  F-22  production  is  com¬ 
pleted,  certain  facilities  in  Marietta  will  be  available  for  JSF  FACO.) 


Table  10.2 
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Table  10.3 
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Alternative 


Figure  10.2— Total  Additional  Fixed  Indirect  Costs  of  FACO  Activities 


50  percent  at  Lockheed  Martin-Palmdale) 
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We  assessed  the  sensitivity  of  the  results  of  two  scenarios  (alterna¬ 
tives  5  and  7)  to  the  start  date  of  the  split.  Figure  10.3  shows  the  sen¬ 
sitivity  for  alternative  5. 

Figure  10.4  shows  the  sensitivity  for  alternative  7.  Notice  the  drop  in 
the  DoD  curve  around  2010.  This  drop  is  related  to  certain  F-22 
facilities  (such  as  paint  booths)  that  become  available  around  2012. 
After  2012,  fewer  new  facilities  need  to  be  built  to  accommodate  ISF 
FACO  at  Marietta.  Also,  existing  workers  will  be  able  to  transfer  from 
the  F-22  program  to  the  ISF  program. 

Transfer  of  Learning.  As  discussed  in  Chapter  Nine,  estimating  the 
exact  amount  of  “learning”  transferred  between  sites  is  difficult.  As  a 
baseline,  we  have  assumed  that  learning  transfer  in  a  work  split  is 
analogous  to  a  gap  in  production.  Historically,  the  fraction  of  learn¬ 
ing  recovered  following  a  production  gap  averages  64  percent  (in 
hours).  To  explore  how  this  assumption  affects  the  cost  results,  we 


RMiDMR1559-10.4 


Figure  10.4— Cost  Sensitivity  to  Change  in  Start  Year  of  Multisite  FACO  for 
Alternative  7  (50  percent  at  Fort  Worth/50  percent  at  Marietta) 
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tested  the  sensitivity  of  alternative  5  to  different  transfer  fractions. 
(Figure  10.5  shows  these  sensitivities.)  When  a  higher  percentage  of 
learning  is  transferred,  the  costs  of  having  a  second  FACO  site 
decline.  However,  even  at  100-percent  learning  transfer,  the  change 
from  the  baseline  is  still  positive  (higher  cost).  There  are  two  reasons 
for  this.  First,  we  assumed  that  a  one-year  lag  occurs  in  the  transfer 
of  learning  between  sites  even  if  100  percent  is  transferred.  This 
incorporates  the  time  lag  in  communicating  lessons  between  sites. 
Second,  part  of  the  change  from  baseline  costs  arises  from  having 
redundant  facilities  at  two  locations. 

Discount  Rate.  In  analyzing  the  costs  and  benefits  of  alternatives 
with  different  expenditures  and  savings  over  time,  the  NPV  and 
internal  rate  of  return  can  be  used  as  metrics.  Discounted  values 
weight  earlier  costs  more  heavily  because  money  has  a  time  value. 
We  present  the  cost  differences  of  the  alternatives  using  a  discount 


Figure  10.5— Sensitivity  to  Different  Learning  Transfer 
Fractions  of  Alternative  5  (50  percent  at  Fort  Worth/ 
50  percent  at  Lockheed  Martin-Palmdale) 
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rate  of  3.5  percent  (the  current  0MB  rate  for  government  analyses 
having  a  25-year  duration).  These  values  are  shown  in  Table  10.4. 

CONCLUSION 

Changing  the  FACO  strategy  from  the  base  case  of  doing  all  the  work 
in  Fort  Worth  will  increase  both  FACO  and  total  DoD  costs.  Under 
every  scenario  (including  those  that  involve  transferring  100  percent 
of  the  work  to  an  alternative  site),  the  costs  to  DoD  are  estimated  to 
increase  by  at  least  $74  million  (FY  2002  dollars)  from  the  baseline 
FACO  strategy. 

The  cases  involving  work  splits  are  more  costly,  increasing  DoD  costs 
by  at  least  $117  million  (FY  2002  dollars).  These  additional  costs  are 
due  to  loss  of  learning  and  extra  facilities.  The  least  costly  alternative 
incorporating  a  work  split  involves  placing  part  of  the  FACO  work  in 
Marietta,  ramping  up  when  the  F-22  program  finishes.  This 
approach  would  allow  certain  F-22  facilities  to  be  reused  for  the  JSF, 
reducing  the  total  investment  required.  Also,  skilled  workers  will  be 
able  to  transfer  from  the  F-22  to  the  JSF  program,  reducing  hiring 
and  training  costs. 

However,  a  downside  to  this  approach  is  that  the  JSF  FACO  work  at 
Marietta  would  be  undertaken  essentially  in  isolation  from  the  rest  of 


Table  10.4 


Relative  Cost  Increases  for  Various  FACO  Alternatives — 
Discounted  at  3.5  Percent  per  Annum  (millions  FY02$) 


Alternative 

JSF  FACO 
Cost 

DoD 

Cost 

1.  100%  FACO  LM-FW 

0.0 

0.0 

2.  100%  FACO  LM-P 

17.8 

180.3 

3.  100%  FACO  LM-M 

104.6 

61.5 

4.  100%  FACO  NG-P 

155.8 

446.5 

5.  50%  FACO  LM-FW/50%  LM-P 

207.4 

130.8 

6.  50%  FACO  LM-FW/50%  NG-P 

219.8 

230.5 

7.  50%  FACO  LM-FW/50%  LM-M 

218.5 

75.0 

8.  100%  CTOL  LM-FW/ 100%  CV  and  STOVL  LM-M 

302.0 

99.5 

9.  1/3  production  at  all  three  LM  sites 

333.1 

168.9 

NOTE:  For  full  list  of  alternatives,  see  p.  152. 
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the  JSF  program,  therefore  eliminating  the  advantages  of  having 
collocated  production  and  engineering  functions.  No  other  JSF  sub¬ 
systems  or  parts  are  being  considered  for  manufacture  at  Marietta. 


ii. 

i; 


Chapter  Eleven 

CONCLUSIONS 


This  study  found  that  moving  JSF  FACO  from  Lockheed  Martin’s 
plant  in  Fort  Worth  to  one  of  the  other  three  sites  in  the  analysis  or 
splitting  JSF  FACO  among  two  or  more  of  these  locations  would 
increase  costs  to  DoD.  The  study  assessed  other  potential  policy 
arguments  for  moving  or  splitting  production  and  found  no  com¬ 
pelling  policy  arguments  to  change  Lockheed  Martin’s  baseline 
FACO  strategy  of  doing  all  the  work  in  Fort  Worth. 

COST 

The  previous  chapter  showed  no  cost  advantages  to  DoD  in  moving 
or  splitting  JSF  FACO  activities.  All  the  alternatives  that  divide  the 
work  across  one  or  more  additional  sites  increase  cost  because  of 
loss  of  learning  and  duplicate  facilities  and  tooling.  Furthermore, 
moving  FACO  activity  from  Fort  Worth  changes  the  overall  DoD 
costs  because  of  the  effect  on  indirect  costs  for  other  DoD  work.  The 
costs  of  the  rest  of  the  JSF  work  under  way  at  that  plant,  as  well  as  of 
the  other  programs  there,  will  increase  because  these  programs  must 
bear  a  greater  fraction  of  the  overhead  costs.  This  indirect  cost 
increase  is  not  generally  offset  by  a  corresponding  decrease  for  other 
programs  at  the  alternative  FACO  sites. 

In  sum,  any  alternative  that  changes  the  FACO  base  strategy  of  doing 
all  the  FACO  work  at  Lockheed  Martin’s  Fort  Worth  plant  increases 
costs  to  DoD— and  to  the  taxpayer.  The  least-costly  alternative  to  the 
base  case  is  shifting  part  of  the  FACO  work  to  Lockheed  Martin’s 
Marietta  plant,  enabling  the  company  to  use  some  of  the  facilities 
developed  for  the  F-22  fighter  to  be  reused  for  the  JSF,  thus  reducing 
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total  investment.  However,  a  downside  to  this  approach  is  that  the 
JSF  FACO  work  would  be  undertaken  essentially  in  isolation  from  the 
rest  of  the  JSF  program,  therefore  eliminating  the  advantages  of 
having  collocated  production  and  engineering  functions.  No  other 
JSF  subsystems  or  parts  are  being  considered  for  manufacture  at 
Marietta.  Because  placing  JSF  FACO  at  Marietta  is  not  part  of  Lock¬ 
heed  Martin  s  planned  approach,  the  effect  of  these  issues  is  uncer¬ 
tain. 


OTHER  POLICY  ARGUMENTS 

Our  analysis  indicates  that  some  other  policy  concerns,  sometimes 
raised  as  a  rationale  for  splitting  military  production,  are  not  com¬ 
pelling  in  the  case  of  JSF  FACO  work.  The  most-often-cited  ratio¬ 
nale — spurring  better  contractor  performance  through  competi¬ 
tion — does  not  apply  in  the  case  where  a  single  prime  contractor  has 
already  been  awarded  the  contract.  Some  internally  generated  com¬ 
petition  might  be  possible  but  could  have  detrimental  effects  on 
configuration  control.  Neither  do  other  rationales— industrial  base, 
capacity,  risk  avoidance,  etc. — provide  compelling  arguments  for 
dispersed  production.  Even  the  potential  advantage  from  spreading 
economic  benefits  across  sites  does  not  hold  up  under  close  scrutiny. 
One  could  also  hypothesize  that  carrying  out  FACO  operations  at 
multiple  sites  would  spread  the  benefits  of  the  FACO  work  to  several 
communities.  However,  three  observations  lead  us  to  conclude  that 
this  argument  is  not  compelling.  First,  the  JSF  project  is  relatively 
widely  dispersed  as  it  is.  Figure  2.3  and  Table  8.2  provide  some  indi¬ 
cation  of  the  number  of  communities  the  program  already  benefits. 
Second,  the  communities  that  would  benefit— Palmdale,  Calif.,  and 
Marietta,  Ga. — are  not  economically  worse  off  than  the  country  as  a 
whole.  In  addition,  starting  FACO  operations  at  another  site  would 
not  provide  an  especially  large  number  of  new  jobs:  Direct  and  indi¬ 
rect  labor  required  for  FACO  operations  is  about  1,200  workers. 
Third,  ^e  rationale  for  the  JSF  contract— a  single  contractor  building 
all  variants  with  considerable  commonality  among  them — ^was  to 
enable  DoD  to  get  a  needed  defense  capability  at  the  lowest  possible 
cost.  Because  moving  or  splitting  FACO  operations  would  increase 
cost,  opting  for  more  than  one  location  appears  to  undercut  the  pro¬ 
gram  concept  of  affordability. 
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SUMMARY 

No  compelling  policy  or  cost  arguments  support  a  decision  to  move 
or  divide  the  FACO  operations.  Splitting  the  work  would  no  doubt 
benefit  the  communities  where  the  additional  sites  are  located. 
Whether  such  a  split  should  occur  for  this  reason,  despite  the  addi¬ 
tional  taxpayer  cost,  is  not  addressed  in  this  study. 


Appendix  A 

LEGISLATIVE  LANGUAGE: 
THE  FLOYD  D.  SPENCE  NATIONAL  DEFENSE 
AUTHORIZATION  ACT  FOR  FISCAL  YEAR  2001 


SEC.  141.  STUDY  OF  FINAL  ASSEMBLY  AND  CHECKOUT  ALTER¬ 
NATIVES  FOR  THE  lOINT  STRIKE  FIGHTER  PROGRAM. 

(a)  REPORT  REQUIRED.  Not  later  than  180  days  after  the  date  of  the 
award  of  a  contract  for  engineering  and  manufacturing  development 
for  the  Joint  Strike  Fighter  aircraft  program,  the  Secretary  of  Defense 
shall  submit  to  Congress  a  report  providing  the  results  of  a  study  of 
final  assembly  and  checkout  alternatives  for  that  aircraft. 

(b)  MATTERS  TO  BE  INCLUDED.  The  report  under  subsection  (a) 
shall  include  the  following: 

(1)  Examination  of  alternative  final  assembly  and  checkout 
strategies  for  the  program,  including — 

(A)  final  assembly  and  checkout  of  all  aircraft  under  the 
program  at  one  location; 

(B)  final  assembly  and  checkout  at  dual  locations;  and 

(C)  final  assembly  and  checkout  at  multiple  locations. 

(2)  Identification  of  each  Government  and  industry  facility  that  is 
a  potential  location  for  such  final  assembly  and  checkout. 

(3)  Identification  of  the  anticipated  costs  of  final  assembly  and 
checkout  at  each  facility  identified  pursuant  to  paragraph  (2), 
based  upon  a  reasonable  profile  for  the  annual  procurement  of 
that  aircraft  once  it  enters  production. 


Preceding  Page  Blank 
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(4)  A  comparison  of  the  anticipated  costs  of  carrying  out  such 
final  assembly  and  checkout  at  each  such  location. 

(c)  COST  COMPARISON.  In  identifying  costs  under  subsection 
(b)(3)  and  carrying  out  the  cost  comparisons  required  by  subsection 
(b)(4),  the  Secretary  shall  include  consideration  of  each  of  the  follow¬ 
ing  factors: 

(1)  State  tax  credits. 

(2)  State  and  local  incentives. 

(3)  Skilled  resident  workforce. 

(4)  Supplier  and  technical  support  bases. 

(5)  Available  stealth  production  facilities. 

(6)  Environmental  standards. 


Appendix  B 

JSF  FACO  SITE  ASSESSMENT 


JOINT  STRIKE  FIGHTER  FINAL  ASSEMBLY  AND  CHECKOUT 
SITE  ASSESSMENT 

(To  Be  Completed  by  Government  Personnel) 


Company  Name: 
City/ State/Zip: 
CAGE: 

DCMA  Office: 
POC: 

Phone: 

E-mail: 


Section  1.  Airfield  and  General  Site  Data 

a.  Provide  key  dimensions  of  this  site’s  main  runway  (length/ 
width/ overruns). 


b.  Is  this  site  in  compliance  with  Air  Force  and  Navy  safety 
requirements  for  tactical  (Category  5)  ciircraft  (i.e.,  Airfield,  ARFF 
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Services  and  Hangar  Fire  Protection  requirements  identified  in 
AFMC  Instruction  91-101  &  NATOPS  00-80-R-14)?  □  Yes  □  No 

If  No,  identify  deficiencies /waivers. 

c.  Briefly  describe  any  planned  capital  improvements  that  are 
expected  to  significantly  improve  the  capability  of  this  airfield 
(e.g.,  a  new  runway  or  runway  extension). 

d.  Are  noise  or  flight  path  restrictions  currently  in  place  that  limit 

the  operation  of  tactical  aircraft?  □  Yes  □  No 

If  Yes,  identify  restrictions. 

e.  Do  you  foresee  any  airfield  encroachment  issues  that  are  likely  to 
limit  military  tactical  aircraft  operations  in  the  future? 

f.  How  much  land  is  available  for  future  expansion? 

Section  2.  Facility  Data 

a.  Gross  floor  space  (square  feet  000) . 

Production  (factory)  _ 

Administrative  (office)  _ _ 

Laboratory  _ _ 

Warehouse  _ _ 

Total  Floor  Space  _ _ 
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b.  Hangar  Space.  Provide  key  attributes  of  hangars  available/ 
utilized  for  final  assembly  of  aircraft.  Please  separate  high-bay 
and  low-bay  space. 


Building  # 

High-bay/ 
Low-bay 
Dimensions 
(L'  X  W  X 
H') 

Air 

Condition¬ 

ing/ 

Humidity 

Control 

(Y/N) 

Overhead 
Crane  (Y/N) 
(xx)  Ton 
Capacity 

#  of  Tactical 
A/C  Dock 
Positions 

Current 

Capacity 

Utilization 

(%) 

c.  Paint  Facilities.  Provide  key  attributes  of  hangars  available/ 
utilized  to  paint  complete  aircraft. 


Building  # 

Dimensions 
(L'  X  W  X 
H') 

Air 

Condition¬ 

ing/ 

Humidity 

Control 

(Y/N) 

Robotic  or 
Manual 
Application 

#  of  Bays/ 
Positions 
for  Tactical 
A/C 

Air  Control 
Activity? — 
Active  or 
Passive 
Filtration 

d.  Flight  Prep  Facilities.  Provide  key  attributes  of  hangars  avail¬ 
able/utilized  to  prepare  aircraft  for  flight  test. 


Building  # 

Dimensions 
(L'  X  W’  X  H') 

Air 

Conditioning/ 
Humidity 
Control  (Y/N) 

Fire 

Suppression? 
(Y/N)  Type? 

#  of  Bays/ 
Positions  for 
Tactical  A/ C 
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e.  Fuel/De-fuel  Operations.  Provide  key  attributes  of  fuel  opera¬ 
tions. 


Type 

(In-ground  or 
Truck) 

Use 

(Fuel,  De-fuel, 
or  Both) 

Number  of 
Positions 

Enclosed  (Y/N) 

f.  Ramp  Space. 

Provide  gross  square  feet  of  ramp  space  available  at  this  site. 


How  many  ramp  positions  are  available  for  tactical  aircraft? 


g.  Transportation. 

Is  the  site  accessible  via  interstate  highway?  □  Yes  □  No 

Is  the  site  accessible  via  raUroad?  □  Yes  □  No 

Is  the  site  accessible  to  Category  6  aircraft  (e.g.,  C-5, 747)? 

□  Yes  □  No 

If  appropriate,  provide  additional  data  on  restrictions  that  may 
limit  transportation  access  to  this  site  (e.g„  unusual  weight  or 
height  restrictions). 

h.  Hush  House/Hover  Pit. 

Does  this  site  maintain  a  hush  house  suitable  for  engine  run-up 
of  tactical  aircraft?  □  Yes  □  No 

If  Yes,  provide  number  and  size  of  enclosure  (s)  (L'  x  W’  x  H’). 


Does  this  site  maintain  a  hover  pit  suitable  for  VSTOL  aircraft 
testing?  QYesQNo 
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i.  RCS. 

Does  this  site  maintain  facilities  and  equipment  to  measure  the 
radar  cross  section  of  aircraft  components  (e.g.,  leading  edges) 
and/or  complete  aircraft? 

Components  □  Yes  □  No 

Complete  Aircraft  □  Yes  □  No 

j.  Energy. 

What  is  the  current  average  yearly  energy  usage  (kWh)? _ 

What  is  the  average  cost  per  kWh?  _ 

Are  there  back  up  generators  on  site  that  can  be  used  in  the  case 
of  power  outages?  □  Yes  □  No 

Have  there  been  any  significant  outages  in  the  last  five  years 
which  resulted  in  a  work  stoppage?  □  Yes  □  No 

If  Yes,  please  describe  (e.g.,  lightning  storm,  planned  or  unplan¬ 
ned  outage  due  to  electricity  generation  limitations). 


k.  Local  Issues. 

What  is  the  general  level  of  public  support  for  this  facility?  (Check 
one.) 

The  community  would  support  a  larger  presence  (e.g.,  more 
flight  tests).  □ 

The  community  is  neither  supportive  of  nor  against  the 
facility.  □ 

There  is  community  pressure  to  decrease  the  impact  on  the 
local  community.  □ 

If  there  is  community  pressure,  what  form  does  it  take  (e.g.,  local 
organized  groups  or  individuals  with  concerns  about  noise,  pol¬ 
lution,  or  other  environmental  impact)?  Please  describe. 
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1.  Other. 

Does  this  site  maintain  the  capability  to  handle  and  store  classi¬ 
fied  data  and  equipment?  □  Yes  □  No 

Approximately  what  percentage  of  the  workforce  is  cleared  for 
classified  material? 

Describe  any  planned  capital  improvements  expected  to  signifi¬ 
cantly  alter  or  replace  any  of  the  key  facilities  identified  above. 

Section  3.  Environmental  Issues. 

a.  Is  this  facility  in  a  non-attainment  area  for  ozone  and  particulate 

matter  (new  and  old  standards)?  □  Yes  □  No 

b.  How  many  air  permits  exist  at  this  site?  _ 

c.  What  kind  of  air  control  technology  exists  at  this  site? 

□  Passive  Filtration  System 

□  Active  Filtration  System 

d.  What  slack  (for  emissions)  is  there  in  existing  permits  for: 

NOx: 


VOC: 


PMIO: 


e.  Provide  a  history  of  violations,  fines  paid,  and  work  stoppages  for 
the  last  three  calendar  years. 

f.  Describe  facilities  and  permits  for  handling  and  storage  of  haz¬ 
ardous  materials  (such  as  paints,  solvents,  RCS  coatings). 

g.  Are  there  storage  facilities  available  on  site  for  limited  amounts 

of  explosives,  e.g.,  ejection  seat  cartridges?  □  Yes  □  No 
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Section  4.  Historical  Data. 

a.  FACO  will  require  workers  with  a  variety  of  skills  for  production, 
quality  assurance,  tooling,  general  engineering,  and  indirect 
labor.  Please  provide  the  number  of  employees  in  the  following 
key  categories.  (Note:  This  table  lists  categories  that  are  used  by 
some  contractors,  and  is  meant  to  serve  as  a  template.  If  con¬ 
tractors  at  your  site  use  different  descriptions  of  skills  for  pro¬ 
duction,  quality  assurance,  tooling,  general  engineering,  and 
indirect  labor,  provide  employee  numbers  using  your  contrac¬ 
tor’s  categories.) 


1999 

2000 

2001 

2002 

Total  Employees 

Touch  Labor 

Subassembly 

operations 

Aircraft  final  assembly 

Final  paint  and  coatings 

Ramp,  flight  test,  and 
delivery 

Other  Direct  Labor 

Quality  control 

Manufacturing  and 
sustaining  engineering 

Tool  manufacturing 
and  engineering 

Indirect  Labor 

b.  Number  of  new  production  aircraft  delivered  (by  program) . 
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c.  Number  of  Re-delivered  aircraft  undergoing  maintenance  and 
modification  (by  program). 


Program 

1999 

2000 

2001 

2002 

Section  5.  State  and  Local  Government  Incentives. 

a.  Is  this  site  in  an  Enterprise  Zone  and  eligible  for  state  or  local  tax 

and  development  incentives?  □  Yes  □  No 

b.  Does  the  company  utilize  any  tax  exemptions  or  credits  for  state 

taxes  at  this  site?  □  Yes  □  No 

Local  taxes?  □  Yes  □  No 

If  Yes,  provide  detafis,  including  program  name. 

c.  Does  the  company  take  advantage  of  any  state  business  devel¬ 

opment  incentives,  such  as  tax-exempt  bond  financing,  loan 
guarantees  or  direct  state  aid  at  this  site?  □  Yes  □  No 

Local  incentives?  □  Yes  □  No 

If  Yes,  provide  details,  including  program  name. 


Section  6.  Financial.  (The  purpose  of  the  following  questions  is  to 
collect  data  that  will  allow  for  an  approximation  of  the  impact  or 
adding  or  deleting  part  or  all  of  the  JSF  final  assembly  and  check-out 
workload  to  this  facility  in  the  future.) 

a.  Wage  Rates.  Provide  Direct  and  Indirect  Labor  and  Fringe  Rates 
in  the  table  below. 
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1999 

2000 

2001 

Labor 

Rate$ 

Labor 

and 

Fringe 

Rate$ 

Labor 

Rate$ 

Labor 

and 

Fringe 

Rate$ 

Labor 

Rate$ 

Labor 

and 

Fringe 

Rate$ 

Production* 

Quality  Assurance 

Tooling* 

General* 

Engineering 

Indirect 

Production  Labor 

*If  possible,  break  these  labor  rates  into  the  same  categories  you  used  for  the  number 
of  employees  in  the  table  of  Section  4a. 


What  are  the  projections/agreements  as  to  wage  increases? 


b.  Does  this  site  have  a  Forward  Pricing  Rate  Agreement  (FPRA)  in 

place?  □  Yes  □  No 

If  Yes,  when  was  it  negotiated?  _ 

Provide  a  copy  of  the  latest  FPRA  or  FPRR  to  the  Industricd 
Analysis  Center,  P.O.  Box  56668,  Philadelphia,  PA  19111-6668. 

Note:  If  any  of  the  following  questions  are  directly  answered  in  the 
FPRA  (or  FPRR),  please  note  that  as  your  response. 

c.  How  far  into  the  future  are  FPRA  rates  analyzed  and  negotiated 
between  DoD  and  the  company  at  this  facility? 

d.  What  is  the  forecast  business  base  (by  program  or  activity)  used 
to  develop  the  rates  for  the  contractor  at  this  facility?  Please  list 
the  hours  by  year  for  each  program.  (For  programs  less  than  50K 
hours,  they  can  be  lumped  together  as  an  “other”  category.) 
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Program 

2001 

2002 

2003 

2004 

2005 

e.  What  is  the  history  of  the  business  base  at  this  facility  over  the 
last  five  years  in  terms  of  increases  or  decreases  from  the  current 
levels? 

f.  Does  the  facility  have  program  specific  wrap  rates?  If  so,  please 
provide  them.  If  a  composite  wrap  rate  by  major  function 
(manufacturing,  engineering,  QA,  etc.)  for  the  entire  facility  can 
also  be  provided,  it  would  significantly  aid  the  study. 

g.  If  there  are  multiple  overhead  cost  pools  at  this  site,  please 
identify  each.  What  costs  are  included  in  each  pool  and  how 
these  costs  are  allocated? 

h.  Do  you  have  models  or  other  methodologies  that  calculate  the 

impact  of  additions  or  reductions  of  business  base  on  the  labor 
wrap  rate  at  this  location?  QYes  QNo 

i.  Provide  the  following  sensitivities  of  the  composite  labor  wrap 
rate  and  overhead  rate  to  changes  from  the  current  (FY  2001) 
business  base. 
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Change  in  Current 
Business  Base 
(in  hours) 

Total 

Hours 

Site  Labor 
Rate  Plus 
Fringe 

Overhead 

Rate 

G&A  Rate 

Total 

WRAP 

Rate 

+25% 

+10% 

0% 

-10% 

-25% 

j.  Please  explain  how  the  composite  rate  is  built-up,  starting  from 
the  basic  direct  labor  through  the  total  WRAP  rate.  Which  costs 
are  treated  as  direct  and  which  costs  are  treated  as  overhead/ 
indirect? 

k.  What  is  the  facility  composite  material  burden  rate  by  year? 
What  is  the  base  used  to  calculate  the  burden  rate?  Are  there 
different  burden  rates  for  contractor-furnished  equipment, 
government-furnished  equipment,  high-value  items  versus  low- 
value  items?  If  so,  please  provide  the  rates  and  bases.  What 
would  be  the  impact  of  an  addition  of  10%,  25%,  and  50% 
increase  in  the  base?  What  would  be  the  impact  of  a  reduction  of 
10%,  25%,  and  50%  of  the  base? 

l.  Does  this  site  share  any  overhead  costs  with  other  locations  in 

the  company?  QYes  GNo 

If  Yes,  identify  other  locations. 

m.  Briefly  describe  how  the  G&A  rate  is  allocated  across  company 
sites. 

n.  Union  Representation.  Is  the  workforce  at  this  site  represented 

by  a  union?  □  Yes  □  No 

If  Yes,  fill  out  the  table  below. 
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Union  Name 

Number  of 
Employees 

Contract 
Expiration  Date 

Last  Strike  Date 

Do  union  agreements  cover  multiple  company  locations?  (i.e.,  Is 
there  a  companywide  union  agreement?).  □  Yes  □  No 

If  Yes,  identify  other  locations  covered. 


I' 


Appendix  C 

WAGE  COMPARISONS 


Tabled 

Wage  Comparisons 


FACO  Function 

SOC  Code 

Percentage 

Hourly  Wage® 

Fort  Worth  Palmdale 

Marietta^ 

Structural  Mate 

51-2011 

1.97 

$20.37 

$22.38 

$20.00 

Subsystems  Mate 

51-2011 

1.99 

$20.37 

$22.38 

$20.00 

Final  Assembly 

51-2011 

15.81 

$20.37 

$22.38 

$20.00 

Flight  Operations 

49-3011 

14.01 

$20.45 

$19.40 

$24.69 

Manloads  /Incom- 

49-2094 

13.91 

$18.92 

$20.66 

$16.81 

plete  Task  Logs 

Final  Coatings 

51-9122 

13.13 

$15.47 

$19.85 

$15,54 

Quality  Control 

51-2011 

17.75 

$20.37 

$22.38 

$20.00 

Manufacturing 

17-2112 

5.76 

$28.74 

$30.47 

$29.17 

Engineering 

Sustaining  Engi- 

17-2011 

2.99 

$34.11 

$34.74 

$34.47 

neering 

Tool  engineering 

17-2112 

5.51 

$28.74 

$30.47 

$29.17 

Tool  manufac- 

51-4111 

2.85 

$22.88 

$20.25 

$20.16 

turing 

Material  Control 

51-2011 

4.32 

$20.37 

$22.38 

$20.00 

Weighted  Average 

$20.96 

$22.61 

$21.10 

;  Percentage  Difference 
j  from  Fort  Worth 

7.87 

0.65 

NOTES:  The  percentages  for  each  final  assembly  and  checkout  (FACO)  function  are 
based  on  the  total  hours  for  production  through  2026. 
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Table  C.l— continued 

®Wage  rates  are  the  latest  values  available  at  state  Web  sites  or  the  Bureau  of  Labor 
Statistics  (BLS)  Web  site.  The  Marietta  wage  for  sustaining  engineering  is  the  average 
of  1999  and  2000  BLS  wages. 

^Wage  data  for  Standard  Occupational  Classification  (SOC)  Code  51-2011  are  unavail¬ 
able  for  Cobb  County  or  for  a  larger  statistical  area,  and  the  BLS  wage  for  Georgia  is 
suspiciously  low.  This  wage  is  an  estimation,  based  on  the  average  differences  of  other 
Fort  Worth  wages  to  those  in  Marietta. 
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Appendix  D 

ENVIRONMENTAL  REGULATORY  PROCESS 


The  environmental  regulatory  process  is  complex.  Federal,  state, 
and  local  environmental  departments  are  largely  organized  by  envi¬ 
ronmental  statutes,  most  of  which  are  focused  on  a  particular 
medium — air,  water,  hazardous  materials  and  waste,  etc.  Each  level 
of  government  has  differing  responsibilities  depending  on  the 
statute,  and  states  interpret  these  responsibilities  in  slightly  different 
ways.  Opportunities  for  public  participation  differ.  States  and 
localities  also  generate  additional  requirements  and  standards. 
Finally,  because  each  regulated  facility  has  different  processes, 
equipment,  and  management,  the  regulatory  process  will  have  vari¬ 
able  cost  and  schedule  effects. 

The  costs  of  environmental  compliance  may  vary  among  sites  for 
several  reasons  including  standards  that  differ  in  terms  of  breadth 
and  stringency,  such  as  the  number  of  specific  substances  regulated, 
allowable  emissions  levels  and  standards,  and  emissions  thresholds 
for  regulatory  procedures.  Another  contributor  to  cost  variability 
may  be  differing  procedures  and  fees  required  by  the  state  or  locality 
for  obtaining  or  maintaining  permits.  These  would  manifest  them¬ 
selves  in  corporate  costs  for  administrative  activities  associated  with 
environmental  management,  such  as  engineering  analyses,  record¬ 
keeping,  monitoring,  training  costs,  facilitization  expenses,  permit¬ 
ting  or  disposal  fees,  and  emissions  fees. 


CLEAN  AIR  ACT 

The  Clean  Air  Act  of  1970  and  the  Clean  Air  Act  Amendments  of  1990 
(CAAA)  cover  two  classes  of  pollutants;  hazardous  air  pollutants 
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(HAPs)  and  criteria  pollutants.  Standards  for  each  class  are  estab¬ 
lished  and  applied  differently.  The  CAM  identifies  189  HAPs  that  are 
subject  to  technology-based  national  emissions  standards  estab¬ 
lished  by  industry  (called  the  National  Emissions  Standards  for  Haz¬ 
ardous  Air  Pollutants  [NESHAP]).  The  U.S.  Environmental  Protection 
Agency  (EPA)  was  required  to  establish  national  air-quality  standards 
(National  Ambient  Air  Quality  Standards  [NMQS])  using  health- 
based  criteria  for  the  sbc  criteria  pollutants:  ozone,  carbon  monoxide, 
nitrogen  oxides,  sulfur  dioxide,  particulate  matter  (PM),  and  lead.^ 
Stricter  national  standards  for  ozone  and  PM  2.5  have  recently  been 
established,  and  implementation  of  these  standards  is  under  way. 
Regulatory  thresholds  and  emissions  standards  vary  according  to  the 
ambient  air  quality  in  the  local  area.  “Nonattainment”  areas  are 
areas  that  do  not  meet  the  primary  standard.  There  are  five  classifi¬ 
cations  of  nonattainment  for  ground-level  ozone  (smog) — marginal, 
moderate,  serious,  severe,  extreme — and  two  for  carbon  monoxide 
and  particulate  matter — moderate  and  severe.  The  Marietta  and  Fort 
Worth  Lockheed  Martin  sites  are  in  serious  nonattainment  areas  for 
ozone;  the  Pzilmdale  sites  are  in  a  severe  nonattainment  area  for 
ozone;  and  the  Marietta  and  Fort  Worth  sites  are  in  attainment  for 
the  other  five  criteria  pollutants.  The  EPA  has  not  determined 
whether  the  Antelope  Valley  Air  Quality  Management  District 
(AVAQMD)  is  in  attainment  for  particulate  matter. 

The  states  mainly  administer  the  national  standards  established  in 
the  CAM.  The  primary  mechanism  used  to  control  criteria  pollu¬ 
tants  is  the  permit.  State-to -state  permitting  rules  and  procedures 
vary,  but,  in  general,  a  permit  allows  a  facility  to  release  a  given 
amount  of  the  pollutant.  Emissions  thresholds  for  determining  a  sta¬ 
tionary  source's  permitting  status  are  determined  by  the  type  of 
pollutant  and  the  local  air  quality.  As  air  quality  worsens,  controls 
become  required  for  smaller  sources.  Permissible  emissions  levels 
are  determined  by  the  desired  ambient  air-quality  standards,  the 
attainment  status  of  the  region,  and  available  emissions  credits. 
Moreover,  if  a  given  facility  wants  to  release  more  of  a  criteria  air 


^Volatile  organic  compounds  (VOCs)  are  not  listed  as  a  criteria  air  pollutant,  but, 
because  they  are  a  precursor  for  ground-level  ozone  and  particulate  matter,  they  are 
included  in  efforts  to  control  ground-level  ozone.  In  addition,  many  are  considered 
HAPs. 


Environmental  Regulatory  Process  187 


pollutant  than  specified  in  an  existing  permit,  an  offset  (a  reduction 
greater  than  or  equal  to  the  increase)  must  be  obtained  elsewhere, 
either  at  the  facility  or  at  other  sources  in  the  region,  before  a  new 
permit  may  be  issued.  New  and  modified  sources  are  subject  to 
review  by  the  state  or  local  air  district.  These  sources  may  be  subject 
to  stricter  standards  depending  on  the  local  air  quality. 

For  the  HAPs,  NESHAPs  are  established  for  each  source  category  of 
these  pollutants — for  example,  there  are  national  emissions 
standards  for  aerospace  manufacturing  and  rework.^  NESHAPs  for 
engine -test  facilities  are  currently  under  development.  Sources 
defined  as  major  sources — those  emitting  10  tons  per  year  of  any  one 
of  the  listed  toxins  or  25  tons  per  year  of  a  combination  of  toxins — 
are  required  to  abide  by  the  EPA  standards.  The  standards  identify 
the  compliance  options  (HAP  content,  control  devices,  etc.)  required 
to  limit  pollutant  releases. 

Air  Emissions 

The  Clean  Air  Act  stipulates  that  federal  actions  will  not 

•  Cause  or  contribute  to  any  new  violation  of  any  NAAQS  in  any 
area; 

•  Increase  the  firequency  or  severity  of  any  existing  violation  of  any 
NAAQS  in  any  area;  or 

•  Delay  timely  attainment  of  any  NAAQS  or  any  required  interim 
emissions  reductions  or  other  milestones  in  any  area.^ 

If  the  site  cannot  comply  with  the  CAAA,  the  action  cannot  be  pur¬ 
sued  because  of  the  air  conformity  rule  and,  therefore,  the  CAAA  leg¬ 
islation  is  mandatory  for  the  site.  Texas  and  Georgia  have  Title  V 
permitting  authority,  and  the  Lockheed  Martin  facilities  in  Marietta 
and  Fort  Worth  are  both  well  below  the  thresholds  of  established  air 
emissions  standards.  Thus,  it  is  unlikely  that  if  an  Environmental 


^Examples  include  HAP  and  VOC  maximum  allowable  content  in  coatings  or  control 
device  efficiencies  used  during  painting. 

^The  material  in  this  section  is  distilled  from  Resource  Applications,  Inc.,  1995;  and 
Bowers  and  Ling,  2000. 
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Impact  Statement  (EIS)  were  performed  at  either  location,  this 
National  Environmental  Policy  Act  (NEPA)  process  would  lead  to 
additional  emissions  controls.  In  Palmdale,  Lockheed  Martin  will 
likely  obtain  enough  emissions  offsets,  either  by  drawing  on  its  cur¬ 
rent  stock  of  emissions  credits  or  by  purchasing  additional  credits  to 
satisfy  conformity  requirements. 

Noise 

Noise  is  regulated  by  local  ordinances,  not  state  or  federal  regula¬ 
tions.  Ordinances  typically  limit  allowable  noise  levels  by  location 
for  given  times  of  the  day.  Therefore,  there  is  no  direct  cost  impact, 
although  operational  restrictions  could  translate  into  cost.  More 
than  likely  flight  test  will  occur  during  the  day,  although  at  high-rate 
production,  it  is  possible  that  delivery,  especially  for  overseas  cus¬ 
tomers,  might  optimally  be  performed  at  night.  Noise  is  also  a  com¬ 
munity-relations  issue.  Because  we  are  analyzing  sites  where  aircraft 
manufacturing  is  established,  the  noise  issue  is  not  likely  to  make  a 
difference,  although  it  is  considered  in  the  analysis.  Responses  to  a 
Defense  Contracting  Management  Agency  site  survey  indicate  that 
noise  is  not  likely  to  be  an  issue  at  either  of  the  three  sites  of  interest. 
According  to  the  survey  responses,  no  flight  path  restrictions  are  in 
place  for  tactical  aircraft  and  no  encroachment  concerns  are  antici¬ 
pated. 

NATIONAL  ENVIRONMENTAL  POLICY  ACT 

NEPA  is  federal  legislation  that  requires  environmental  impacts  be 
considered  in  any  federal  program  or  action  before  initiating  such 
action.  The  law  is  referred  to  as  a  "procedural"  law  because  it  does 
not  require  certain  outcomes  of  the  decisionmaking  process,  but 
rather  it  prescribes  the  process  required  for  federal  decisionmaking. 
It  also  includes  provisions  for  public  notification  and  involvement  in 
the  decisionmaking  process. 

NEPA  applies  to  federal  actions  and  programs.  For  example,  they  are 
routinely  performed  for  new  weapon  system  basing  decisions  and 
base  realignment  decisions.  In  the  case  of  ISF  FACO,  both 
government-owned,  contractor- operated  plants  and  contractor- 
owned,  contractor-operated  plants  could  conceivably  fall  under 
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NEPA.  The  Fort  Worth  site  (AFP  4)  and  Marietta  site  (AFP  6)  are 
government-owned  and  contractor- operated  and  the  Palmdale  site 
has  pieces  that  are  government-owned  and  contractor- operated 
(Sites  2  and  7  on  AFP  42)  and  pieces  that  are  contractor-owned  and 
contractor- operated  (Plant  10).  The  NEPA  legislation  lays  out  three 
possible  paths  for  considering  the  environmental  effects  of  federal 
actions.  The  particular  path  taken  depends  on  the  magnitude  of  the 
proposed  action,  current  activities  at  the  site,  and  community 
response. 

Legal  experts  in  DoD  have  interpreted  the  NEPA  legislation  to 
exclude  contractor-owned,  contractor-operated  plants  because  pri¬ 
vate  entities  are  responsible  for  making  these  manufacturing  loca¬ 
tion  decisions  (moreover,  program  environmental  analyses  are 
already  performed  as  part  of  the  acquisition  process). 

As  a  result  of  NEPA,  and  depending  on  the  specific  circumstances, 
either  of  the  following  three  paths  could  be  taken  (in  order  of 
increased  expense,  time,  and  analysis  detcdl). 

•  Categorical  exclusion.  A  categorical  exclusion  is  a  determination 
that  the  proposed  action  will  not  have  a  significant  environmen¬ 
tal  impact  on  existing  conditions  at  the  site. 

•  Environmental  Assessment  (EA).  An  EA  is  an  analysis  to  deter¬ 
mine  whether  the  proposed  action  has  either  minimal  or  signifi¬ 
cant  environmental  impact. 

•  Environmental  Impact  Statement.  EIS  is  a  complete  and  thor¬ 
ough  evaluation  of  all  the  environmental  effects  that  a  proposed 
action  may  have  tmd  includes  options  to  mitigate  these  effects. 

Our  analysis,  based  on  discussions  with  numerous  experts  in  DoD 
and  on  a  cursory  review  of  available  historical  data,  indicates  that  the 
most  likely  course  of  action  that  will  be  taken  at  all  government- 
owned,  contractor- operated  locations,  assuming  no  new  construc¬ 
tion  is  involved,  is  to  obtain  a  categorical  exclusion,  which  does  not 
have  associated  cost  or  schedule  implications  (described  below). 
Should  new  construction  be  required,  an  environmental  analysis, 
with  the  finding  of  no  significant  impact,  is  likely  to  occur.  Only 
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under  extremely  unusual  circumstances  should  a  comprehensive  EIS 
be  necessary.^ 

STATE  ENVIRONMENTAL  PROTECTION  ACTS 

Some  states  have  their  own  NEPA  or  processes  resembling  NEPA  as 
well.  For  example,  both  California  and  Washington  State  require 
state  and  local  agencies  to  perform  environmental  impact  analyses 
when  granting  permits.  Georgia  and  Texas  do  not  have  state-level 
environmental  protection  acts. 

Activities  at  the  Palmdale  site  therefore  would  be  subject  to  the  Cali¬ 
fornia  Environmental  Quality  Act  (CEQA).  The  act  applies  to  projects 
performed  by  state  and  local  government  agencies.  Issuing  envi¬ 
ronmental  permits  is  considered  a  project  under  this  act.  Permit 
applicants  typically  pay  for  the  analysis.  An  initial  assessment 
determines  a  project’s  significance,  and  the  three  possible  findings 
are  negative  declaration  for  no  significant  impacts,  mitigated  nega¬ 
tive  declaration  if  there  are  significant  impacts  but  the  project  is 
revised  to  mitigate  these  impacts,  and  environmental  impact  report 
if  there  are  significant  impacts.  Permitting  by  the  AVAQMD  does  not 
trigger  a  CEQA  review  because  permitting  is  not  considered  a 
“project”  as  defined  by  CEQA.^  The  FACO  process  could  conceivably 
trigger  CEQA  review  of  the  conditional  use  permit,  however,  by  the 
city  of  Palmdale  or  by  Los  Angeles  County. 


^Personal  interviews  with  Jean  Hawkins,  JSF/JPO  Deputy  Environmental  Team 
Leader,  April-December  2001;  Harry  Knudsen,  ANG/CEV,  August  2001;  Jack  Bush,  Air 
Force  ILE,  August  2001;  and  Lt  Chad  Schroeder,  JSF/JPO  Environmental  Team  Mem¬ 
ber,  September  2001;  personal  communication  with  Alison  Ling,  OASN/I&E,  Septem¬ 
ber  2001.  See  also  Navy  Commanding  Officer's  Guide  to  Environmental  Compliance, 
Naval  Facilities  Engineering  Center,  Office  of  the  Chief  of  Naval  Operations,  Septem¬ 
ber  1995;  OPNAVINST 5090.1B,  Chapter  2,  “Procedures  for  Implementing  the  National 
Environmental  Policy  Act”  (NEPA),  September  9,  1999;  A  Guide  to  Understanding 
NEPA,  USAF,  accessed  via  http://www.denix.osd.mil/denix/PubIic/News/AF/NEPA/ 
nepa.html,  September  2001;  AFI 32-7061,  January  24,  1995;  and  Memorandum  from 
AFMC  LO/JAV  to  ASC/YFMM  entitled  "National  Environmental  Policy  Act  (NEPA) 
Requirements  for  Weapon  Systems  Production  Activities  at  GOCO  Plants,"  dated 
September  24, 1999. 

^Personal  communications,  Alan  DeSalvio,  air-quality  engineer,  AVAQMD,  February 
2002. 
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California  has  set  its  own  ambient  air-quality  standards,  and  they  are 
stricter  than  the  federal  standards.  The  EPA  has  not  classified 
AVAQMD’s  attainment  status  for  particulate  matter,  but  the 
AVAQMD  is  a  nonattainment  area  under  state  standards.  California’s 
ozone  standard  is  more  stringent  than  the  federal  one.  This  stricter 
standard,  however,  imposes  no  additional  regulatory  requirements 
(at  least  for  now)  than  those  required  by  the  EPA. 
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